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PREFACE 


This is the second of a three-volume set comprising the final report on the 
study entitled "Investigation of Storage System Designs and Techniques for 
Optimizing Energy Conservation in Integrated Utility Systems". The research 
program was sponsored by the Urban Systems Project Office at National Aero- 
nautics and Space Administration's Lydon B. Johnson Space Center (NASA-JSC) 
and was performed by Battelle's Columbus Laboratories (BCL) under Contract 
No. NAS9-14628. The volumes are entitled 

• Volume I - Executive Summary 

• Volume II - Application of Energy Storage to lUS 

• Volume III - Assessment of Technical and Cost 
Characteristics for Candidate lUS Energy Storage 
Devices. 
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INTRODUCTION 


The applicability of energy storage devices to any energy system obviously 
depends, to a large extent, on the performance and cost characteristics of 
the larger basic system. A comparative assessment of energy storage alterna- 
tives for application to lUS must, therefore, address the "systems" aspects 
of the overall installation. This second volume of the three volume series 
describing the subject study emphasizes these system considerations in addition 
to describing the overall framework for carrying out the comparative assess- 
ment. Included are (1) descriptions of the two no-storage lUS baselines utilized 
as "yardsticks" for comparison throughout the study, (2) discussions of the 
assessment criteria and the selection framework employed, (3) a summary of the 
rationale utilized in selecting water storage as the primary energy storage 

candidate for near term application to lUS, (4) discussion of the integration 

/ 

aspects of water storage systems, and (5) an assessment of lUS with water 
storage in alternative climates. 
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BASELINE DEFINITION 



The objective of the Baseline Definition task was to establish a benchmark for 
comparison of the alternative energy storage concepts as well as to devise a 
framework for carrying out the assessment and selection tasks. The approach 
to this task involved the following subtasks; 

(1) Conceptualization of lUS baseline systems for use 
as a yardstick for comparison of energy storage 
alternatives 

(2) . Development of an energy supply computer model to 

assist in comparisons of alternative energy storage 
schemes 

C3) Establishment of reference load profiles based on 
inputs from NASA-JSC 

(4) Establishment of a framework for the con^jarative 

assessment including criteria and weighing factors. 

Baseline Concepts 


A 1000-Dnit Apartment and a Village Complex were selected as the target develop- 
ments to be served by the IDS baselines. These communities had both been 
examined in detail in previous studies at NASA-JSC and energy demand 

profiles were available for each. In addition, the selection of these two 
communities resulted in an Indication of the effect of development size on 
the applicability of energy storage. The 1000-Unit Apartment represents the 
low end of the size range thought feasible for IDS due to the economics of 
scale. The Village Complex, on the other hand, has electrical loads which are 
approximately an order of magnitude higher than the Apartment application. 

Both communities were originally assumed to be located in a region with 
climatic conditions similar to Washington, D.C. The effect of alternate 
climates was later examined for the primary storage candidate utilizing energy 
demand profiles corresponding to Houston, Texas, and Minneapolis, Minnesota. 


* Numbers in brackets indicate references immediately following the last page 
of text in this volume. 


2 



The 1000-Unit Apartment consists of 40 separate buildings which house approxi- 
mately 2400 people. Four separate building types are included — high rise 
apartment buildings, low rise (3 story) single apartments and two types of low 
rise family apartments. Distribution of utility services is by. means of a 
series of trenchs which contain potable water lines, hot water supply and 
return, chilled water supply and return, and electrical conductors. 

The Village Complex is a composite of three identical neighborhoods and a 
centralized village center which serves as a center of activity for the Village 
Complex. The village center includes office buildings, retail business esta- 
blishments, schools, and medium rise apartments. The neighborhoods each contain 
713 single family residences and 648 multifamily housing units for a total of 
1361 families. Each neighborhood also contains an elementary school. 

Figure 1 is a simplified block diagram depicting the energy flow in the lUS 
baselines. The performance characteristics of the specific equipment comprising 
the system were drawn, wherever possible, from the results of previous NASA-JSC 
studies. For example, the prime mover/ generator sets for the 1000-Unit Apart- 
ment were assumed to be the same Fairbanks-Morse 478 kW diesel units which were 
utilized in Reference 1. Likewise, the Nordberg 4415 kW diesel generator sets 
recommended in Reference 2 were used for the Village Complex. 

The no-storage lUS supplies all of the electrical requirements of the community 
being served via diesel generators (i.e., as if there were no tie-in with a 
regional electricity supply grid). These units are equipped with heat recovery 
devices and the recovered heat is utilized to supply space heating demands, hot 
water heating demands, and cooling demands (through absorption chillers). The 
recovered thermal energy is supplemented by a heat recovery incinerator and, 
when necessary, by an auxiliary boiler. When the recovered thermal energy is 
.greater than the thermal demand, the excess heat is rejected to a cooling 
■tov 7 er. During periods when the cooling demand exceeds the capacity of the 
absorption chillers, electric chillers are brought on line to satisfy the 
cooling load. 
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FIGURE 1. BLOCK DIAGRAM OF NO-STORAGE lUS 
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Table 1 gives details on the sizing and performance characteristics of the 
equipment utilized in the two lUS baselines. As mentioned earlier, much of the 
performance information has been drawn from References 1 and 2. The sizing 
information was based on the results of con5)uter simulations described else- 
where in this report. It has been assumed, for the purposes of this study, 
that all of the electrical energy required by the baseline communities is 
generated on-site and that power may be drawn from a conventional utility grid 
only during emergencies. This assumption results in the necessity of installing 
electrical generation capacity sufficient to meet the peak electrical demand. 

In the extreme case, this assumption would also require the installation of 
additional generators to carry the load when maintenance is being performed 
on one of the primary generators; standby generators, however, are not included 
in the Table 1 equipment summary. 

ITJS Computer Model 

A computer model, lUSMOD, was developed to aid in the analysis of energy 
storage imbedded in the ITJS baselines. This program, which is described in 
more detail in Appendix B, is basically an energy flow simulation. It calcu- 
lates the fuel required by prime movers and auxiliary boilers to supply the 
electrical, space heating, space cooling, and water heating requirements of the 
baseline communities. 

Input required by the program includes the hour-by-hour demand profiles for 
hot water heating, space heating, space cooling, and electricity. The performance 
parameters for the various lUS components (boilers, chillers, etc.) are also 
input, as well as the appropriate flags which describe the case being run. 

Program output consists of the calculated fuel utilization, generator output, 
chiller output, waste heat recovered, and energy to and from storage for each 
hour of the period under consideration. 

The lUSMOD computer program used is a relatively simple analytical tool intended 
for preliminary sizing of storage schemes and rough estimates of the annual 
fuel utilization of alternative lUS designs. Results of the program appear to 
agree reasonably well with output from its more complex "parent" program, ESOP, 
when similar input data are used. 
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TABLE 1. EQUIPMENT DATA FOR NO- STORAGE BASELINE lUS 


Item 

lOOO-Unit Apartment 

Village Complex 

Diesel Generators 
Manufacturers 

Fair b anks-Mor s e 

Nordberg 

Rating, kW 

478 

4,415 

' Number Installed 

6 

8 

Total Capacity, kW 

2,868 

35,320 

Absorption Chillers 

Installed Capacity, Tons 

450 

3,400' 

COP 

0.6 

0.6 

Electric Chillers 



Installed Capacity, Tons 

1,000 

6,200 

COP 

4.0 

4.0 

Auxiliary Boilers 



Rating, hp 

250 

500 

Number Installed 

2 

4 

Total Capacity, hp 

500 

2,000 

Efficiency, percent 

80 

80 
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Load Profiles 


The load profiles for the IIJS baseline communities were developed based on 
information supplied by NASA-JSC. The profiles consisted of the hour-by-hour 
demands for electricity, space heating, space cooling, and domestic hot water 
heating, and they defined the energy loads which the ITJS baselines were required 
to supply. In addition, the quantity of thermal energy which was recoverable 
from the incineration of solid wastes was estimated based on an assumed con- 
stant burn rate during daylight hours. Profiles for six day types were developed 
representing a summer design day, a winter design day, and average days for 
spring, summer, fall, and winter for both the 1000-Unit Apartment and the 
Village Complex. 

Tables 2 through 5 show the load profiles for summer and winter design days* 
for the 1000-Unit Apartment and the Village Complex. The electrical and 
cooling loads for the summer design day are shown graphically in Figures 2 and 
3 for the 1000-Unit Apartment and the Village Complex respectively. 

Framework' for Assessment 


The objective of this task was the development of a framework for evaluating 
the various alternative energy storage concepts. This task involved the 
selection of the varioi;is criteria for assessing the energy storage systems, 
establishment of a scoring system, and assignment of weighting factors for each 
criterion. The framework developed pro'vldes a means of summarizing the rela- 
tive merits and shortcomings of the alternative schemes in a concise manner. 

The framework devised is a modification to the method described by Churchman 
and Acko'ff in Reference 3. The procedure involves the assignment of weights to 
each of the selected criteria according to their relative importance. The 
various alternatives are then evaluated against each of the assessment criteria 
and a raw score is assigned. The raw scores are multiplied by the weights 

* The design days are sometimes referred to as "2-Sigma" days, meaning they 
represent days in which the weather conditions are approximately 2 standard 
deviations higher than the average, 


7 



REPRODUCIBILrCY OF THE 
ORIGINAL PAGE IS POOR 


TABLE 2. 1000-UNIT APARTMENT LOAD PROFILES— SUMMER DESIGN 
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FIGURE 2. 1000-UNIT APARTMENT LOAD PROFILES 


0 0 ^ 




FIGURE 3. VILLAGE COMPLEX LOAD PROFILES 



assigned to each criteria and the weighted scores summed for each alternative. 
The total weighted scores for the various alternatives may then be compared 
and a relative ranking determined. 

Assessment Criteria and Scoring 

The criteria which were utilized in assessing the relative merits of energy 
storage alternatives were selected based on a review of the overall objectives 
of the lUS program and discussions with NASA-JSG personnel. The selected 
assessment criteria are; 

• Net relative cost 

• Relative fuel utilization 
■ Safety 

• Avail ability/ Reliabi lity /Main tain abil ity 

• Hardware availability 

• Environmental concerns 

• Energy storage density 

• Expansion capability 

• Transportability. 

The evaluation framework' selected requires t hat- a system for assigning raw 
scores to each of the energy storage alteimatives be established. The proce- 
dure utilized in devising this scoring system involved the evaluation of each 
of the energy storage alternatives relative to the no-storage baseline. A 
scale ranging from one through nine was selected' and the no-storage case was 
arbitrarily assigned a value of five for each of the criteria.- If an energy 
storage device was judged by the Project Team to yield a total system better 
than the no-stora'ge' case, a value greater than five was assigned. If inferior 
to no-storage, a value less than five was assigned. 

The criteria which were utilized in this study are summarized in Tables 6 through 
14. They are defined and their associated scoring scales are discussed in the 
following sections. 
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Net Relative Cost . Net relative cost (NRC) is the ratio of the life cycle cost 

of an lUS/energy storage combination to the life cycle cost of the baseline lUS 

\ 

concept. The term "net" emphasizes recognition of potential savings as well 
as the additional costs incurred by the incorporation of an energy storage 
device. The term life cycle cost is used here to indicate the properly dis- 
counted sum of the first costs and the operating and maintenance costs over the 
life of the project. It is not meant to include the developmental costs 
associated with the initial prototypes for any of the energy storage systems. 

Tlie assumptions and procedures utilized in calculating the net relative cost of 
the energy storage devices are discussed in Appendix A. 

Table 6 presents the scale which was selected for assigning scores to each of 
the energy storage candidates based on net relative cost. Notice that the 
scale has been centered aromd the demarcation value of 1.0, Devices with 
values of net relative cost greater than 1,0 will be less profitable than the 
no-storage baseline while values less than 1.0 refer to energy storage systems 
which improve profitability. ■ The Increment utilized in this scale is 1 percent. 
Thus, an energy storage device which results in a' savings of 1 percent of the 
life cycle cost of the no-storage baseline will receive a score of 6. A device 
which will Increase life cycle costs by 1 percent (NRC = 1.01) will receive a 
score of 4. 

Relative Fuel Utilization . Relative fuel utilization is the ratio of annual 
fuel consumption of the lUS/ energy storage combination to the annual fuel 
consumption of the no-storage baseline lUS. The fuel consumption scoring scale' 
is presented in Table 7. As for net relative cost, the relative fuel utiliza- 
tion scale is centered around a value of 1.0 with 1 percent increments. Thus, 
an energy storage device which reduces the energy consumption of the IDS by 
1 percent will be assigned a value of 6. 

Safety . Safety is the relative freedom from accidental system failures that 
could endanger pro,perty and/or life. Safety can be quantified in terms of 
occurrences or consequences .of unsafe system failures, i.e., incidents result- 
ing in property damage 'and/or personal injury. Commonly used indices are 
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TABLE 6. NET RELATIVE COST SCORING SCALE 


NRC (a) 

Score 

< 0 

.966 

, 9 

0.966 

- 0.975 

f ; 8 

0.976 

- 0.985 

j 

7 - 

0.986 

- 0.995 

6‘ 

0.996 

- 1.005 

5 

1.006 

- 1.015 

4 

1.016 

- 1.025 

3 

1.026 

- 1.035 

2 

> 1 

.035 

1 ■ 


(a) Net Relative Cost (NRC) 


Life cycle cost of lUS "with” enerRy storage 
Life cycle cost of lUS "without" energy storage 


TABLE 7, RELATIVE FUEL UTILIZATION SCORING SCALE 


RSu(a) 

Raw Score 

< 0.966 

9 

0.966 - 0.975 

8 

0.976 ~ 0.985 

7 

0.986 - 0.995 

6 

0.996 - 1.005 

5 

1.006 - 1.015 

4 

1.016 - 1.025 

3 

1.026 - 1.035 

2 

> 1.035 

1 


(a) Relative Fuel Utilization (RFU) 


Annual Fuel Utilization of lUS "with" storage 
Annual Fuel Utilization of lUS "without" storage 
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(1) property damage value per unit interval of system operation and (2) number 
of injuries and/or fatalities per unit interval of system operation. These 
indices are measures of the "safety of a system" (as distinct from "system 
safety" which has special meaning) . 

For the particular case of assessing the safety of the lUS or its variants 
incorporating candidate energy storage devices, it was. recognized that attempts 
at quantifying the safety of the systems would not be possible within the 
constraints of the study. A qualitative scale was therefore developed and is 
presented in Table 8, 

Availabil it y /Rel lability /Maintainability . System availability is the proba- 
bility that, under specified conditions, a system would be ready for use upon 
demand; it contains reliability and maintainability aspects. System relia- 
bility is the probability that a system would perform its functions when called 
upon to do so. It contains the random or unscheduled doTmtime element of 
availability. Maintainability is a design characteristic of a system that 
allows the system to be held in or restored to a state of readiness responsive 
to demand. It contains the scheduled downtime element of availability, 

A qualitative scale was selected as a measure of this combined criterion. 

The scale is presented in Table 9. 

Hardware Availability . Energy storage system hardware availability is an 
indication of the state of readiness of industry to produce a complete sub- 
system to specifications. This criterion is coarsely measurable in terms 
of the assembly/ component/part that is most critical to the implementation 
of the subsystem. The qualitative scale for this criterion is shown in Table 

10 . 


Environmental Concerns. Environmental concerns deal with the impacts of system 
installation and operation upon the maintenance of environmental quality. 
Included are -resource utilization (e.g., land and water use) and environmental 
contamination/pollution (chemical, noise, electromagnetic interference). The 
qualitative scale used to score this criterion is presented in Table 11. 
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TABLE 8. SAFETY SCORING SCALE 


Score 


Addition of energy storage device to lUS is judged to 
improve safety of total system 


Addition of energy storage device to lUS is judged to 
neither improve nor diminish safety of system 


Addition of energy storage device to lUS is judged to 
diminish somewhat the safety of the system 


Safety problem of a magnitude likely to impair 
implementation of the storage device 


TABLE 9. AVAILABILITY/RELIABILITY /MAINTAINABILITY SCORING SCALE ' 


Score 


Addition of energy storage device to lUS judged to improve 
system availability/rellability/malntainabllity 


Addition of energy storage device not expected to improve 
or impair system availability/ reliability /maintainability 


Addition of energy storage device judged to significantly 
impair system availability/ reliability/maintainability 
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TABLE 10. HARDWARE AVAILABILITY SCORING SCALE 


Score 

• Hardware considered "off-the-shelf" ^ 

I 

• Hardware. not considered "off-the-shelf", but is producible 4 

upon demand 

• Hardware producible with technology judged to be within 3 

the state of the art 

2 

• Producible with advancement in the state of the art 

• Not producible without significant RDT&E ^ 


TABLE 11. ENVIRONMENTAL CONCERNS “SCORING SCALE 


Score 


• Addition of energy storage device judged to reduce 
the environmental impact of the system 

• Addition of the energy storage device judged to 
neither reduce or improve the environmental Impact 
of the system 


• Addition of the energy storage device expected to 
significantly increase the environmental impact of- 
the system 
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Energy Storage Density . Energy storage density is the ratio of energy storage 
capacity (hWh) to the volume of the storage facility. Since this characteristic 
is intended to indicate the size of the energy storage device, care must be 
taken in the definition of the storage facility. For example, the thermal 
well storage concept (discussed in Volume III) utilizes naturally occurring 
aquifers as the storage medium. The volume of these aquifers is not chargable 
to the energy storage device since it does' not affect the size of the in- 
stallation. For battery systems, the calculation of energy storage density 
must include allowances for removal and replacement clearance which does effect 
the size of the installation. 

Table 12 presents the scale which was utilized in scoring energy storage 
density. The scale was defined so that energy storage systems which are 
approximately the same size as the prime movers they would replace are assigned 
a score of 5. This is consistent with the philosophy of comparing all energy 
storage systems to the no-storage baseline. Energy storage systems which will 
require a volume approximately 10 times the volume of the prime mover replaced 
are assigned a score of 3, and systems requiring 100 times the volume are 
assigned a score of 1. 

Expansion Capability . Expansion capability is a design characteristic of an 
energy storage subsystem that allows significant incremental upgrading of sub- 
system capacity. This involves the capability of adding duplicate units or 
redesigning/reworking/replacing the existing subsystem. Modularity of the 
storage facility is a key conceptual capability. Table 13 presents the scoring 
scale for this criterion. 

Transportability . Transportability refers to the conpatibility of energy 
storage equipment with modes, of transportation from assembly plant to in- 
stallation site. Modularity of equipment eases handling and shipment. In 
contrast , large inherently integral pieces of equipment could force signi- 
ficant amounts of field fabrication. The qualitative scoring scale for this 
criterion is presented in Table 14. 
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TABLE 12. ENERGT STORAGE DENSITY SCORING SCALE 


ESD, kWh/m^^^^ 

Score 

3,500 

9 

1,750 - 3,500 

8 

350 - 1,750 

7 

175 “ 350 

6 

35 - 175 

5 

17.5 - 35 

4 

3.5 - 17.5 . 

3 

1.75 - 3.5 

2 

0.35 - 1.75 

1 


(a) Energy Storage Density ESD = 

Energy withdrawn from storage during complete discharge 
Volume of storage system 
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TABLE 13. EXPANSION CAPABILITY SCORING SCALE 


Score 

Expansion capability of energy storage system judged 7 

to be superior to baseline system 

Expansion capability of energy storage system judged 5 

to be approximately the same as the baseline system 

Expansion capability of energy storage system judged 3 

to be less than the baseline system 


TABLE 14. TRANSPORTABILITY SCORING SCALE 

Score 

Commercial carrier delivery, SOA assembly/alignment 5 

Specially constructed transportation equipment 3 

required or significant field fabrication 

Transportability problems expected to severely limit 1 

application of the storage device 
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Weighting Factors . Table 15 presents the weighting factors for the assessment 
c-riterla. These factors were selected by the study team and reviewed by 
NASA-JSC personnel. They represent the best judgment of these researchers 
as to the Importance of each of the assessment criteria in the near term. 

Other weights and scoring systems may be more appropriate for energy storage 
applications other than lUS or as the importance of each criteria changes 
with time. 


TABLE 15. WEIGHTING FACTORS FOR ASSESSMENT CRITERIA 


Criteria 

Weight 

Net relative cost 

2.0 

Relative fuel utilization 

1.4 

Safety 

1.2 

Availabllity/Rellabillty/Mainta inability 

X * X 

Hardware availability 

1.1 

Environmental concerns 

0.8 

Energy storage density 

0.6 

Expansion capability 

0.6 

Tran s por tab il i ty 

0.2 
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lUS SYSTEM STUDIES 


Prior to initiating the detailed assessment of the individual energy storage 
technologies, a number of investigations were carried out which can be classic 
fied as lUS system studies. The objectives of these studies were to (1) define 
no-storage, baseline performance in response to the load profiles, (2) identify 
and assess methods of' integrating energy storage systems with the lUS baselines, 
(3) estimate the energy storage capacity, charge rates, and discharge rates 
required and, (4) estimate the energy- saving resulting from the application 
of energy storage. 

The procedure utilized in carrying out these system studies was to calculate 
(via the lOSMOD computer program described in Appendix B) the energy require- 
ments and operating parameters of the no-storage baselines and energy storage 
options based on the load profiles defined in Task 2. Since these load profiles 
represent particxilar service. requirements (the 1000-Unit Apartment and the 
Village Complex) in a particular climate (Washington, D.C.), the conclusions 
drawn from these system studies are strictly valid only for these or similar 
lUS applications. The effects of alternate climates on a thermal storage 
system applied to the 1000-Unit Apartment are addressed in a later section of 
this report. 


NorStorage Baseline Performance 

The results of the computer simulations for the no,-storage baselines are sum- 
marized in Table 16 for the 1000-Unit Apartment and the Village Complex,.' An 
important result of these computer runs is the determination of the fuel re- 
quirement, for the auxiliary boilers. The 1000-Unit Apartment consumes 

3 

approximately 70 m (18,500 gallons) of fuel per, year for auxiliary heating. 
This represents approximately 2 percent of the total annual fuel consumption. 
The Village Complex auxiliary boilers consdme approximately 335 m (88,400 
gallons) per year or about 1 percent of the total. 
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TABLE 16. SUMMARY OP PERFORMANCE OF NO- STORAGE lUS 
(A) 1000-Unlt Apartment 






Day Type 




Item 

Winter 

Design 

Summer 

Design 

Winter 

Average 

Spring 

Average 

Summer 

Average 

Autumn 

Average 

Annual 

Total fuel consumption, thousands of gallons 

3.159 

3.367 

2.390 

2.188 

2.642 

2.200 

860 

Auxiliary boiler consumption, 
thousands of gallons 

0.975 

0.0 

0.206 

0.0 

0.0 

0.0 

18.5 

Electrical energy generated, MWh 

28.6 

4A.4 

28.6 

28.7 

34.8 

28.9 

11,050 

Peak electrical demand, kU 

1,988 

2,729 

1,988 

2,009 

2,404 

2,017 

2,729 

Absorption cooling, thousand ton-hours 

0. 

6.72 

0. 

2.72 

5.46 

3.36 

1,058 

Compression cooling, thousand 'ton-hours 

0, 

17.9 

0. 

0.06 

7.02 

0.26 

675 

Peak compression cooling rate, tons 

0. 

974 

0. 

24 

473 

56 

974 


(B) Village Complex 


Day Type 


' Item 

Winter 

Design 

Summer 

Design 

Winter 

Average 

Spring 

Average 

Summer 

Average 

Autumn 

Average 

Annual 

Total fuel consumption, thousands of gallons 

32.3 

38.5 

24.0 

19.9 

24.6 

19.7 

8,047 

Auxiliary boiler fuel consumption, 
thousands of gallons 

3.04 

0. 

0.88 

0.10 

0. 

0. 

88.4 

Electrical energy generated, MWh 

441 

. 580 

348 

299 

371 

296 

119,900 

Peak electrical demand, MW 

22.3 

33.6 

19.1 

17.7 

25.3 

17.1 

33.6 

Absorption cooling, thousand ton-hours 

0 

56.6 

5.97 

15.8 

36.4 

17.7 

6,960 

Compression cooling, thousand ton-hours 

2.4 

83.7 

0.56 

2.0 

31.0 

4.9 

3,532 

Peak compression cooling rate, tons 

275 

6,094 

69 

534 

2,864 

1,204 

6,094 


BEPRODUCIBILrrY OF THE 
ORIGINAL PAGE IS POOR 


The peak electrical demand for the baseline cases occurs on the summer design 
day due to the electrical energy required for compression air-conditioning. 

The 1000-Unit Apartment lUS has a peak demand of 2729 kW which requires 6 of 
the 478 kW generator- sets selected for this application. The Village Complex 
peak demand is 33,600 kW which means that 8 of the 4415 kW generator sets are 
required. 

The peak compression cooling load for the 1000— Unit Apartment is 974 tons while 
the Village Complex requires a peak of 6094 tons. 

Figures 4 through 7 are plots showing the hour-by-hour variation of several of 
the important parameters for the winter and summer design (or 2-Sigma) days. 

Integration Techniques 

An important task which was carried out early in the study was the identification 
and assessment of possible methods of integration of energy storage devices 
with the lUS baselines. Three of the methods identified appeared to be feasible 
and are loosely referred to as "electrical storage", "heat storage", and "cold 
storage". The locations of these integration concepts within the lUS are de- 
picted by the dashed-border blocks shown in Figure 8. The operational proce- 
dure, advantages, and disadvantages of each of these integration concepts are 
discussed in the following paragraphs. 

Electrical Storage 


Electrical* storage systems are charged by drawing electrical energy from the 
lUS bus bar during periods when the generation capacity. is greater than the 
demand. The devices are discharged during periods when the demand exceeds the 
installed generation capacity. Thus, the storage system acts as. a "peak 
shaving" device in that the peak demand which the generation plant must meet -is 


* The term "electrical storage" is taken here to refer to the method of inte- 
gration and not the form of the energy in storage. Flywheels, batteries, 
and compressed air may all be treated as electrical storage devices for 
integration purposes. 
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FIGURE 6. VILLAGE COMPLEX BASELINE PERFOBMANCE (SUMMER) 




FIGURE 7. VILLAGE COMPLEX BASELINE PERFORMANCE (WINTER) 


















reduced due to the addition of an energy storage device. The concept is 
illustrated in Figure 9 for a typical electrical load profile. As illustrated 
in this figure, it is assumed that the charging cycle would begin immediately 
following the discharge cycle and would continue at the maximum rate (as 
dictated by the difference between the installed capacity and the electrical 
demand) until the storage device is completely recharged. This procedure would 
tend to provide a degree of stand-by capacity to satisfy unexpected power 
demands . j 

The advantages of this mode of operation include the improvement of the load 
factor of the generation plant. Load factor is defined as the ratio of the 
average power output of a plant over a specified time interval divided by the 
peak demand. Generally, improvements in the load factor of a plant result in 
increased generation efficiency since the plant will be operating fewer hours 
at off-design conditions. Another advantage is the possible cost savings due 
to the reduced generation capacity required. It should be pointed out, however, 
that cost savings will only accrue if the installed first cost of the energy 
storage device is less than the cost of the generating equipment being replaced. 
This follows since it was found that the addition of an energy storage device 
in the selected lUS applications has little effect on yearly fuel consumption. 

It was originally thought that the "peak shaving" technique described above 
would result in some reduction in auxiliary fuel required due to the increased 
generator load at the off-peak hours when the thermal demands were greater. 
Examination of the load profiles, however, revealed that "peak shaving" electrical 
storage would only be used significantly during the summer months when electrical 
requirements are greatest. Since no auxiliary fuel is required during the 
summer, it was apparent that no auxiliary fuel reductions would be realized. 

Another mode of operation (referred to in this study as Mode-3 storage) utilizing 
electrical storage was considered in an attempt to reduce auxiliary fuel 
consun^Jtion. The Mode-3 concept hypothesized was to operate the prime mover/ 
generator in such a manner as to satis the thermal loads, while using the 
electrical storage device to "balance" the electrical loads. During periods of 
high thermal demand and low electrical demand, the prime movers would be operated 
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Electrical Demand, kW 



FIGURE 9, TYPICAL LOAD PROFILE FOR lUS UTILIZING ELECTRICAL ENERGY STORAGE 


at a high load (thereby increasing the recovered heat and satisfying the 
thermal demand without consuming auxiliary fuel) and excess electrical energy 
would be stored. T^hen thermal demands are low, electrical generation would be 
cut back and electrical energy would be drawn from the storage device. 

It was apparent’ that the potential advantages of Mode-3 storage would be realized 
only during the winter months since during summer the operation is similar to 
the "peak shaving" technique. Moreover, excess thermal energy is nearly always 
available during the spring and autumn. During winter., auxiliary energy is 
normally required and the question becomes one of whether it is more efficient 
to generate this extra thermal energy via an auxiliary boiler or by means of 
the generator set/electrical storage combination. Analysis of the results of 
the computer simulations reveals that, in most cases, conventional electrical 
storage with an auxiliary boiler and Mode-3 storage will provide the required 
thermal energy with approximately eqiaal efficiencies. However, the electrical 
storage concept will not allow the replacement of the auxiliary boiler since it 
will still be necessary to supply energy on the winter design days. It was, 
theifefore, apparent that this integration concept would not offer advantages 
over the "peak shaving" concept described earlier and it was eliminated from 
further consideration. 

Heat Storage 

Heat storage systems would be charged during periods when the thermal energy 
recovered from the prime mover and. the solid waste exceeds the requirements for 
space heating, space cooling, and domestic hot water heating. The systems 
would store thermal energy for use during periods when the thermal demand is 
greater than recovered thermal energy. Thus, a properly sized thermal storage 
system would eliminate the necessity for supplying thermal energy via an 
auxiliary boiler. The primary advantage of heat storage is therefore the 
reduction of the energy requirements of the lUS. 

Cold Storage 

The final integration concept which was identified as having possible appli- 
cation to lUS is termed "cold storage". This type of storage system would be 
charged -during the hours when excess generation capacity is available. The 
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ex*cess capacity would be used to power electric chillers and the excess ’’cold" 

would be placed in storage. The stored energy would then be used at a later 

itime to supply peak cooling requirements. The cold storage concept, like 

electrical storage, is basically a means of shaving the peaks from the electrical 
i 

demand profile. The same advantages (i.e,, improved load factors and reduced 
generation capacity required) , therefore, apply. Cold storage has the addi- 
tional advantage of increasing the coefficient of performance of the chillers 
due to increased operation during periods of the day when ambient teuperatures 
are lower. The potential savings due to this increased COP could not, however, 
be evaluated in this study because of limitations in the ItlSMOD computer pro- 
gram. 

Mechanical Storage 

A number of the energy storage concepts assessed in this study involved the 
utilization of mechanical energy at some point in the storage process. In 
particular, inertial energy storage (flywheels) and conpressed air storage are 
mechanical energy storage concepts. The possibility of utilizing the mechanical 
energy directly and thereby eliminating necessary conversions to and' from 
electrical energy was, therefore, considered. It was determined, however, that 
attempts to integrate mechanical energy storage devices directly would not be 
justifiable due to the difficulties involved in controlling the flow of 
mechanical energy in a modular system such as lUS. For the purposes of this 
study the flywheel and compressed air storage concepts were, therefore, con- 
sidered to be only "electrical" storage devices in that electrical energy is 
produced during discharge and absorbed dtnrlng charge.- 

lUS/Ei^rgy Storage Performance 

Estimates of the capacity and the performance characteristics of the energy 
storage devices as integrated with the lUS baselines were required so that 
technical and cost characteristics could be developed in the assessment tasks. 
This was accomplished through the use of the lUSMOD computer program which was 
developed during the study and is described in Appendix B, 
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Table 17 sutnmarizes the results of the electrical storage series of computer 
runs for a range of round-trip efficiencies* which were thought to bracket 
those encountered in practical devices. Examination of the data presented 
reveals that the daily fuel utilization of the lUS is not affected to a great 
extent by the addition of electrical energy storage. This is due to the 
modular nature of the generation facilities which permits high generation 
efficiencies even at low load factors. In addition, an extra energy require- 
ment is placed on the generation system as a result of the inefficiencies 
of the storage device. The net result is that the fuel utilization of the lUS/ 
ES combination is increased sli^tly due to the use of electrical energy 
storage with the less efficient energy storage devices showing a greater 
increase. It, therefore, becomes evident that this method of energy storage 
will only be feasible if the installed cost of the storage de-vice is less than 
the installed cost of the generator capacity which is replaced. 


As indicated in Table 17, the energy which is withdrawn from the storage 
devices ranges from about 1 MWh for the 1000-Unit Apartment case with 5 genera- 
tors to a maximum of about 34 MWh for the Village Complex with 6 generators. 

The actual energy storage capacity required will be greater than this by an 
amount corresponding to the discharge efficiency of the storage device. The 
energy supplied to the device during charging will differ from the energy 
delivered during discharge by- the round-trip efficiency. It should be noted 
that the capacities given in the table for the 1000-Unit Apartment, 4 generator 
cases of 70 percent efficiency and below are based on supplying three consecu- 
tive design days. For these cases, the amount of energy available for charging 
is not quite sufficient to recharge the storage device during a design day. 
Storage capacity must therefore be increased to account for the difference. 


* The round-trip efficiency of a storage device is 'defined as the ratio of the 
energy delivered from the storage device, during discharge to the energy re- 
quired by the device during charge. 
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TABLE 17 


SUMMARY OF ELECTRICAL ENERGY STORAGE CAPACITIES 
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3,764 
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2,075 
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Heat Storage 


Capacities required for heat storage systems were calculated utilizing the 
lUSMOD computer program and the results obtained are summarized in Table 18. 

The storage capacities shown were based on a single winter design day and an 
assumption that the storage device was fully charged at the beginning of the 
day. The heat storage capacity which is installed in a particular ITJS appli- 
cation would depend on a determination of the nuniber of consecutive design days 
which must be supplied. This determination was not performed in this study 
since. storage size was, for most thermal storage systems, dictated by the cold 
storage requirement. 

It should be pointed out that the data presented in Table 18 essentially repre- 
sent energy balances on the storage system which do not account for such 
variables as the temperature of storage or the flow rates required. An excep- 
tion to this approach was that only excess high grade energy would be added to 
storage. Excess low grade energy would be discarded. The reasoning behind 
this assumption was that there are many hours when excess low grade energy is 
available, but there is a simultaneous requirement for extra high grade energy 
(due to tempe lature considerations within the ITJS). Thus, the addition of low 
grade energy to storage would not be possible! Energy from storage can, however, 
be used to satisfy both high and low grade demands. This question will be 
addressed in more detail in the integration section of the report. 

Cold Storage 

Capacities required for cold storage systems are based on the summer design 
days and are presented in Table 19. As for the heat storage case, these capa- 
cities were calculated from an energy balance viewpoint and do not take tem- 
perature effects into consideration. The 1000-Unit Apartment capacities were 
calculated assuming the replacement of two of the six generator sets which 
would be required for the no-storage baseline. The Village Complex calculation 
involved the removal of only one of the original eight generator sets. Further 
reduction was not possible for this case due to the necessity of meeting the 
peak domestic electrical demand. 
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TABLE 18. SUMMARY OF HEAT STORAGE CAPACITIES 


■ . ,1 ^ _ . , 1 

1000-Unit 

Village 

Item 

Apartment. 

Complex 

Ca'i 

Storage Capacity, ' GJ - 

117' ’ 

, ' 359’ •. 

(Millions of. BTU) 

(Ill) . 

/, ■:'(341) 

(a) 

Maximum Discharge Rate, (Mt-f) 

2.3 

■ '- ■■■ 9, 

(Millions of BTU /hr) • 

(8.0) 

. ;(3i) 

Maximum Charge Rate,^^^ (MW) 

1.2 

2.5 

(Millions of BTU/hr) 

(4.0) 

(8.7) 

(a) Based on winter design day. 

(b) Based on winter average day. 


TABLE 19. SUMMARY OF COLD 

STORAGE CAPACITIES 



1000-Unit 

Village 

Item 

Apartment 

Complex 

Storage Capacity, GJ 

55 

224 

(ton-hours) 

(4,350-) 

(17,700) 

Maximum Discharge Rate, Tons 

888 

3,343 

Maximum Charge Rate, Tons 

533 

2,184 

Con^ression chiller capacity required. Tons 

980 

3,600 
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Comparison of the chiller capacities required with capacity requirements for 
the no-storage baselines (Table 1) reveals that only a minor reduction in capa- 
city (from 1000 to 980 tons) is possible for the 1000-Unit Apartment. A reduc- 
tion of approximately 2600 tons is possible for the Village Complex. 

The capacities for cold storage reported in Table 19 were calculated based on 
the requirement that the storage be sufficient to supply cooling for continuous 
design days. This requirement determined the compression chiller capacity 
required since the chiller must recharge the storage completely each design 
day. The possibility of reducing the installed con?)ression capacity by means 
of installing extra storage capacity was investigated for the 1000-Unit Apartment 
case. It was assumed that, for the purposes of this trade-off study, storage 
capacity should be sized to cover three consecutive design days. 

The results of this investigation sub task are presented in Figure 10. This 
figure shows the storage capacity required as a function of installed com- 
pression chiller capacity- The sharp "knee" of the curve represents the point 
beyond which further" increases in the compression capacity do not result in the 
reduction of storage capacity required. To the left of this point, a decrease 
in the compression capacity results in a sharp increase in the storage capacity 
required. The plot shows that a reduction of approximately 10 percent in 
chiller capacity must be accompanied by a doubling in the storage capacity 
required to satisfy the three consecutive day criteria. It was therefore 
concluded that decreases in the chiller capacity over that required to recharge 
the energy storage system fully during a design day would not be feasible. 

Performance Summary 

The fuel consumption values of the various lUS/ energy storage combinations .are 
given in Table 20 for the 1000-Unit Apartment and in Table 21 for the Village 
Complex. It should be pointed out that the cases referred to as thermal 
storage involve heat storage for autvimn, winter, and spring days and cold 
storage for the summer days. It is interesting to note that only thermal 
storage Results in the reduction of lUS annual fuel utilization. The magnitude 
of this reduction is' estimated to be about 2 percent for the 1000-Unit Apart- 
ment and about 1 percent for the Village Complex. 
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Storage Capacity, Ton-Hours 
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Electric Chiller Capacity, Tons 


FIGURE 10. CHILLER CAPACITY — STORAGE CAPACITY TRADE-OFF 
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■ TABLE 20. summary OF FUEL USAGE, 1000 APARIMENTS 




Fuel Usage G) 

thousands of gallons 






Day Tvne 




Case 

Winter 

Design 

Summer 

Design 

Winter 

Average 

Spring 

Average 

Summer 

Average 

Autumn 

Average 

Annual 

No Storage 

3.159 

3.367 

2.390 

2.188 

2.642 

2.200 

860 

Thermal Storage 

2.186 

3.371 

2.186 

2.188 

2.632 

2.201 

840 

(4 generators) 
Electrical Storage 
(5 generators) 

11 •= 90% 

3.159 

3.373 

2.390 

2.188 

2.644 

2.200 

860 

H = 70% 

3.159 

3.396 

2.390 

2.188 

2.644 

2,200 

860 

T) ° 50% 

3.159 

3.436 

2.390 

2.188 

2.644 

2.200 

860 

Electrical Storage 
- (4 generators) 

H = 90% 

3.157 

3.394 

2.390 

2.192 

2.662 

2.204 

862, 

T1 - 70% 

3.160 

3.480.^ 

2.394 

2.199 

2.705 

2.212 

868 

1) = 50% 

3.169 

3.480^ 

2.402 

2.213 

2.781 

2.226 

878 

(1) Based on continuous days of each day type, 

(2) Generator sets as operating at 100% full load at all times. 

~ TABLE 21V SUMMARY OF FUEL USAGE, VILLAGE COMPLEX • 







Fuel Usage ^ ^ 

. thousands 

of gallons 






Day Tvne’ 




Case 

Winter 

Design 

Stnmner 

Design 

Winter 

Average 

Spring 

Average 

Summer 

Average 

Autumn 

Average 

Annual 

No Storage 

' 32.3 

38.5 

24.0 

19.9 

24.6- 

-19.7 

8047 

Thermal- Storage ■ 

29.3 

38.5 

23.1 

19.9 

24.7 

19.7 . 

7975 

(7 generators) 
Electrical Storage 
(7 generators) 

32.3 

38.5 

24.0 

19.9 

24.6 

19.7 

. 8047 


32.3 

38,5 

24.0 

19.9 

24.6 • 

19.7 

- 8047 

• \t “ 50% 

32.3 

38.7 

24.0 

19.9 

24.6 

19.7 - 

8047 

Electrical Storage 
(6 generators) 

■= ■ 50 ’'“ 

»» 

32.3 

-38.7 

24.0 

19.9 

24.6 

'19.7, 

. 8047- 


32.3 

' 39.3 

24.0 

19.9 

24.6 

•i9.7 

'8047 

= 50% 

32.3 

40.5 

24.0 

19.9 

24.6 

19.7 

8047- 


(1) Based on continuous days of each day type. 
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The fuel use summaries in Table 20 also demonstrate the effect of round trip 
efficienpies of the electrical storage devices on the annual fuel consumption. 
Although low efficiency increases the consuajption slightly for the summer 
design day, the effect is reduced on an annual basis. This is due to the fact 
that the storage devices are utilized only when the electrical demand is high. 

To illustrate the performance of the various storage systems, sample computer 
output has been Included for the 1000-Unit Apartment lUS. Table 22 is for the 
summer design day with cold storage while Table 23 presents data for the summer 
average day with cold storage. Both cases Involve an lUS with 4 generators 
installed. The summer design day represents the second day of a consecutive 
design day run and storage is therefore partially depleted at the start of the 
day. For the summer average day, a full charge was assumed initially. 

Tables 24 and 25 present data for a heat storage system for a mnter design day 
and a winter average day respectively. For both cases, it is assumed that 
storage is initially fully charged. For the design day, energy is withdraw 
from storage continually. For the winter average day, energy is initially 
withdrawn from storage but storage is replenished in the late afternoon hours. 


Tables 26 and 27 present results of electrical storage runs for a summer design 
and a summer average day respectively. A round trip efficiency of 70 percent 
is assumed in this case with 4 generators installed. The summer design day 
represents the second day- of a consecutive day run. Notice that the storage 
is not completely recharged before discharge for the next day begins. Thus, 
the generators are essentially running at 100 percent load at all times. For 
the summer average day, an initial full charge was asstmed. 
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TABLE 22. 1000-UNIT APARTMENT DESIGN DAY COLD STORAGE PERFORMANCE 


•-P- 

N3 


BDIUiS . 
-^JEL ?EI30._ 

0^0 . 

jo.n— I- 

0.0 ‘ 

B.O 

0.0 


HOVER 

..FUEL.RE 03 — 

{GflL/HRl 


lii5.n 

^^51.5- 

151.5 

151.5- 

11.5.0 


AB300OTI0N 

flIS CORO— 

nOMS) 

2?5.4 

22 3. J 

' 201.5 

203.0 

201.9 

1.9Z.5 

165.3 

334.0 

346.2 

42.0.5 

324.5 

32L.J 

410.0 

413.6 

399.2 

3SJ.6 

409.6 

3a2.J 

337.1 

154.2— 

131.0 

135.3 — 

160.7 


COH‘’'’ESSI0N 

UR :090 - 

(TD93) 

950.4 

9SQ.0 

900.0 

930.0 

930.0 

93D.J1 

930.0 

J944.2 

930.0 

930.0 

930.0 

999.9 

950.9 

399.9 

945.5 

93 0 .-a 

flin.3 

kSZ .9 

159.5 

0.0 

0.0 

299.3 

2.4 2.Z 


ELE3T FOR 

COH'’ A7£_ 

( 

942.2 

361.2 _ 

361.2 

361.2— 

961.2 

961. >— 

961.2 

929.7- 

361.2 

361.2— 

361.2, 

56i.2_ 

344.4 

7-90.5.- 

930.9 

361.2— 

712.1 

4-02.3— 

140.1 

-fl.0_ 

0.0 

0 . 0 - 

262.1 




GENERATOR 
-SET DJTP-UT 
(<-0 

1912.0 
1839.3 — 

1677.3 
±673.3— 

1665 . 3 

16/a. 1— 

17»9.0 
1912-0— 

1395.1 
1925.0 — 

1341.0 
1333.9— 

1339.2 
1792,4- 

1342.7 
1935. n.„ 

1912.0 
1912.0- 

1912.0 
1937.7- 

1937.7 
1997.7 _ 

1912. 0 

1 01 ?.n 


TOTAL H.G. 
.heat RE 20 V — 

(*l 

4.840 

4.636 

4. 1 35 

4.174 

4.152 

4.17JI 

4.495 

.9.413 

9.335 

3.166 

9.211 

3.233 

9.203 

9.0 75 

9.216 

9. 334 

9.410 

3.410 

9.4 10 

5,157.„- 

5.157 

5-157 


MASTED 

HEAT - _ 

l») 

2^50 3 

2.635- 

2.453 

2.493- 

2.479 

2.23Z- 

1,550 

.151- 

.439 

2.024- 

1.97S 

1. 010- 

1.951 

1.940 . 

1.579 

1.196- 

1.663 

1.J12. 

.213 

.950- 

.497 

.571 

1.255 


energy in 

STORAGE — 

CTON-HRl 

561.2 

1023.2 — 

1520. 1 

2039.1 _ 

2572.7 
2939,i— 

3258.6 

3543.6 — 

3305.9 
4044.9 _ 

4179.8 

4232.6 

4595.6 
4395’.6 — 

4395.6 

_ - 4393.0 — 

4282.6 
:ja35..4— - 

3165.0 

2232.6— 

1344.2 
S.D4..4— 

43.5 




TABLE 23. 1000-LNIT APARTMENT AVERAGE DAY COLD STORAGE PERFORMANCE 


-p- 


. “eOlLEP ■ PRIME MOVER AesORPTIOH' COKPRESSION ELECT FOR GENERftTOR " TOTAL W.C.' MASTED ' ' FNERGT ‘IM" NO. 


_HCUR_ 

FUEL RECO 
(GAL /MR) 

FUEL REDO 
(GAL/HRI 

AIR COHO 
{TONSC 

AIR COHO 
(TONS) 

COMP A/C 
(KHI 

SET OUTPUT 
(KM) 

HEAT RECOV 
(•) 

HEAT 

(*) 

STORAGE 

(TON-HR) 

GEM 

1 AH 

O.C 

92.9 

. , 133.7 - 

175.9 

154.6 

l"224. 5 

3.047 

1.544 

4395.6“ 

3 

2 AH 

0. C.- 

fl,4. 4 

. 1 2 ’7 ,-!7 ' . 

149.3 

131.2 

1109.3 

2.715 

1.610 

4395.6 

3 

3 AH 

O.C 

.73.3 

109;2 ' 

126.3 

llt.O 

927.1 

2.339 

1.251 

4395.6 

2 

«* A*4 

0. C 

P9.5 

107. a-’ 

. 103.4 

90.8 

902.9 

2.271 

1.265 


9 

5 AH 

0.0 

'■‘tV.i 

105.’3. 

' 91. ,9 

80.7 

684.6 

2.223 

1.244 

4395.6 

2 

fc ah 

G.C 

72. 1 

. ,.104i3,...' 

• 157.0 

137.9 

95 0. D 

2.403 

1.116 

4395,6 

2 

r AM 

' 0. C 

, • ■ P7.5.-* 

• - . 83.1, ' 

25 6.5 ■ 

225.4 

1153.2 

2.652 

.643 

4395.6 " ■ 

3 ■ 

fl AH 

0.0 ' 

• '94i8 

208.3 . 168.1 

165,3 

1247.6 

7.660 

0.080 

4305.6 

3 

9 AH 

- 0.0 

' 97.1 

■ 246.5 . 

290.9. 

255.7 

1279.6 

7.768 

0.000 

4395.6 

3 

10 AH 

>. 0 ..0 - ■ 

- .• 92.5 • . 

' '342.4, . 

290.9 

2S5.7 

1219.6 

7.603 

1.154 

4395.6 

3 

11 AH 

O.C. 

, SB. 6 

' . 305.1 . ' 

363.7 

319.6 

1299.4 

7.823 

.285 

4395.6 

3' 

,NOOM 

, . .'."'-O.fl' 

100.2. . 

. . 30'4.'2 '■ 

. .379.0 

; . . 333. C 

1320.9 

7.863 

.232 

4395.8 

3 

1 PH 

0.0 . 

• . 9,S-.8 

' • 349.5 ' 

352.2' 

309.5 

1303.3 

7,834 

1.166 

4 3o<;,6 

3 

2 PH. 

0.9 

10Ci2 ■ 

; 354.1 - 

'• 363.7 

.319.6 

1321.4 

7.884 

1.228 

4305,6 

3 

3 PH 

3.0. 

1C3.5 

339.3 

40 2.0 

. . 353.2 

1365.1 

8.0C7 

.859 

4395.6 

3 

•4 PM 

O.C ■ ■ 

10 8.5 

322,6 

432.6 

380.1 

1404.0 

8.116 

.462 

4395.6 

3 

S PH 

' ■ '.5,.'C' 

117.4 

359.1 

3,9'5.7 

347.7 

1547.6 

8.399 

1.236 

4345.6 

4 

6 PH 

■ 0. 0 

139.9 

3B2.L 

. 379.0. 

333.0 

' 1842.9 

9.216 

1.233 

4395.6 

4 

7 PH 

0 . 0 

145.0 

337,1 

159.5 

140.1 

1912. 0 

9.410 

.213 

42C4.5 

- 4 

8 PH 

C. E 

151.5 

154.2 

. 0.0 

0.0 

1937.7 

5.157 

.950 

3691.5 

4 

9 PH 

0 . 0 

151.5 

131.0 

0.0 

O.'O 

1997.7 

5.157 

.487 

3171,4 

•4 

to PH 

0 . 0 

151.5 

135.3 

0.0 

0.0 

1987.7 

5.157 

.571 

2690.0 

4 

11 PH 

0.0 

. 145;-0 

160.7 -■ 

296.3 

' 262.1 

1912.0 

4.840 

1.255 

2715.6 

4 

MP-NT 

0 . 0 

145-. 0 

• l'94il 

742.2 

652.2 

1917. C 

4.640 

1.923 

3246.2 

4 

T>JTAL„. 

0. c 

25M.S 

S397.'3,_, 

. 6097.8 

5358.4 

34002.1 

140.620 

21.925 




* millions of stu per hour 



TABLE 24. IGOO-UNIT APARTMENT DESIGN DAY HEAT STORAGE PERFORMANCE 



eOlLER 

PRIHF HOVER " ' 

ABSORPTION 

'COMPRESSION ' " 

ELECT FOR ' " 

GENERATOR 

TOTAL H.G. 

HASTED 

FNERGY IN 

NO. 

^KOyR_ 

FUF-L RE CO 

•FUEL RE 00 

AIR COND 

AIR CONO 

COMO A/C 

SET OUTPUT 

HFAT RECOV 

HEAT 

STOPAGE 

GEN 

JGAL/HRI 

< GAL/ HR) 

<TONS» 

tTONS) 

IKH) 

(KH) 

(•» 

(•) 

<••1 


1 AM 

0. C 

fil.7 

0.0 

0.0 

- -'Ii-.O 

1069.8 

2.591 

1.343 

258.099 

3 

2 AM 

0. C 

75.5 

0.0 

0.0 

0.0 

976.1 

2.287 

1.421 

251.790 

3 • 

3 AH 

0. C 

51.9 

0.0 

0.0 

0.0 

816.1 

2.031 

1.122 

244.869 

2 

U AH 

O.Q 

61.6 

0.0 

0.0 

Q.Q 

812.1 

2.020 

1.15S 

237.713 

2 

5 AH 

0.0 

■ 61.0 

0.0 

0.0 

0.0 

804,1 

1.998 

1.148 

230.276 

2 

6 AH 

G.O 

61.6 

o.c 

0.0 

0.0 

812.1 

2,020 

.056 

222.504 

2 

7 AM 

C. C 

70.4 

0.0 

0.0 

0.0 

927,9 

2.341 

.219 

214.160 

2 

^ AM 

0. C 

82.6 

■ 0.0 

0.0 

0.0 

1082.3 

7.2C0 

0.000 

208.176 

3 

0 AH 

0 . c 

78.5 

Q.O 

0.0 

0.0 

1023.9 

7.016 

0.000 

202.575 

3 

10 AM 

c.o 

74.6 

0.0 

0.0 

C.O 

963.8 

6.605 

.604 

199.335 

3 

11 AM 

0. ( 

75.6 

0.0 

0.0 

0.0 

979,8 

6.36.4 

O.OOC 

195.258 

3 

NOON 

c. t 

76.1 

0.0 

0.0 

O.Q 

957.6 

6.693 

o.cco 

191.330 

3 

1 PM 

D. 0 

76.5 

0.0 ' 

0.0 

0.0 

993.6 

6.915 

.764 

1B8.697 

3 

2 PM 

0. 0 

77.0 

0.0 

0.0 

0.0 

1001.6 

6.945 

.817 

186.265 

3 

3 PH 

O.G 

77.7 

0.0 

0.0 

0.0 

1011.8 

6.977 

,413 

183.624 

3 

tf PH 

C. C 

78.5 

o.c 

0.0 

Q.O 

1023.8 

7.015 

O.CCO 

160.631 

3 

5 PM 

Q.O 

Pl.O 

0.0 ■ 

0.0 

0.0 

1199.9 

7.549 

.670 

178.802 

3 

6 PM 

3.Q 

114,7 

0.0 

Q.O 

0.0 

1509.9 

6.283 

.636 

177.712 

4 

7 PH 

0. L 

134,4 

0.0 

0.0 

0 . c 

1771,9 

9.017 

.C52 

176.539 

4 

ft PM 

C. G 

151.5 

Q.O 

0.0 

0.0 

1987.7 

5.157 

.950 

172. 344 

A 

9 PM 

o.c 

1F1.5 

o.c 

0.0 

0.0 

1987.7 

5.157 

.487 

167.315 

4 

10 PM 

C. 0 

151.5 

o.c 

0.0 

0.0 

1987.7 

5.157 

.571 

163. 5C9 ■ 

4 

11 PM 

:. c 

125.1 

0. c 

0.0 

0. 0 

1649,9 

4.110 

.950 

158.651 

4 

HC-NT • 

0. t 

05.6 

0.0 

0.0 

0.0 

1259.8 

3,144 

J.OOl 

153.058 

3 

TOTAL 

c . c 

2186,4 

“•c_. ... 

0.0 

0. 0 

28643.7 _ 

125.494 

15,683 




c 


* HILLIONS OF BTO PFR HOUR 

•* MlU-IOhS OF 9T0 


REPEODUCIBILITy OF THE 
ORIGINAL PAGE IS POOR 



TABLE 25. 1000-UNIT APARTMENT AVERAGE DAY HEAT STORAGE PERFORMANCE 


HOUR 

“BOILER " 
■UCL REQO 
t GAL /HR» " 

PP,IMF“HOVER “■ 
FUEL REOO 
(GAL/HR1 

ABSORPTIOlf' COMPRESStOM ‘ 
AIR COMO air coho 

<T0NS> ■ ■ " (TONS) 

elect for" “ 

COMP A7C 
(KH) 

GENERATOR 
set OUTPUT 
'KHI 

■ TOTAC H.G.' 
HEAT RECOV 

(•) 

' “"HASTEO ■ 
HFAT 
(*) 

tNERGV IN ■ 
STORAGE 
(•«) ■ 

1 

AM 

O.D 

fil.7‘ 

' O.D 

o.a 

A.'a 

1069.8 

2.591 

1.343 

262.290 

2 


0. C 

75.5 

0.0 

0.0 

0.0 

978.1 

2.287 

1.421 

260.239 

3 

AM 

0. t 

61.9 

0.0 ^ 

0.0 

0.0 

816.1 

2.031 

1.122 

257.524 

4 

AM 

■ 0.0 

61.6 

o.c 

0.0 

0.0 

812.1 

2.020 

1.156 

254.599 

5 

0. C 

Cl.O 

0.0 

0.0 

0.0 

804.1 

1.998 

1.148 

251. 36T 

• ■6 

AM . 

, 0. C 

61.6 

o.c 

0.0 

0.0 

812.1 

2.020 

.956 

247,739 

• 7 

AH 

0.0 

70.4 

0.0 

0.0 

0.0 

927,9 

2.341 

.219 

243.412 

• e 

AM 

0.0 

02.6 

0.0 

0.0 

0.0 

1092.3 

7.200 

0.000 

241.833 

' 9 

AM 

■■■ 0. C ■ ‘ 

70.5 

o.c ■ 

■" 0.0 

0.0 

1023.9 

7.016 

0.000 

241.271 

1(1 

AM 

0.0 

74.6 

0.0 

0.0 

o.c 

963.8 

6.805 

.804 

243.573 

11 

AM 

' 0. c 

75,6 

c.c 

' 0.0 

Q.fl 

979.8 

6.664 

0.000 

245.460 

tJbori 

o.c 

, 76.1 

o.c 

0.0 

0.0 

987.6 

6.393 

0,090 

247.646 

1 

PH 

0. c 

76.5 

o.c 

0.0 

0. 0 

993.8 

6.915 

.764 

251.280 

• 2 

PM 

0.0 

77,0 

0.0 

0.0 

0.0 

1001.8 

6.945 

.817 

255.336 

3 

PH 

0. I 

77.7 

0.0 

0.0 

0.0 

1011.8 

6.977 

.413 

259.169 

ti 

PH 

0.0 

70,5 

o.c 

0.0 

0.0 

1023.8 

7.015 

G.C03 

262.355 

5 

PH 

0.0 

91.0 

0.0 

0.0 

0.0 

1199.9 

7.549 

3.041 

264.000 

e 

PM 

0 . c 

114,7 _ 

O.D 

0.0 

0.0 

150 9.9 

8.288 

4.994 

264.000 

7 

PM 

0.0 

134. >< 

0.0 

0.3 

3.0 

17i't.9 

9.017 

3.749 

264,3 90 

e 

PM 

c.o 

151.5 

0.0 

0.0 

a. c 

1907.7 

5.157 

1.444 

264.000 

9 


“ c.o ■ 

1*=1.5 

0.0 

0.0 

0,0 

1987.7 

5.157 

.487 

263.744 

10 

PH 

o.c 

151.5 

o.c 

0.0 

0. 0 

1987.7 

5* 137 

.571 

263,596 

■ 11 

PM 

o.c 

125.1 

0.0 

0.0 

0.0 

1649,9 

4.110 

.950 

262.938 

PO'MT 

. 0.0 

95.6 

0.0 

0.0 

0. ( 

1259,8 

__ 3.144_ _ 

l.BOl 

_^_261.498 

TOTAL 

p*0 

2186.4 

0.0,. 

oJo 

0.0 

2 8643.7 

125.494 

26.402 

- 


* J1ILLIOKS OF BTU^PER HOUR 

♦* _ HlttlONS OF BTU 


MO. 

GSM 


3 

3 

Z 

z 

z 

2 

2' 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

4 
4“ 
4 

4 

4 

4 

3 



TABLE 26. lOOO'-UNIT APARTMENT DESIGN SUMMER DAY ELECTRICAL STORAGE PERFORMANCE 



g3IL€R 

PRIHE MOVER 

TOTAL 

A3^0R*UOM 

«TP r»nM't 

COif>RES5lON 

ft|0 f**)*^ry 

ELECT FDR 
__COHS— A/-t 

GEMERATOR 
__SE3_0UIPU1 

TOTAL M.G. 
-HEAT-fiECOV — 

HASTED 
HEIT - 

NO. 

_j;£M 


(GAL/M<?) 

«GAL/H») 

(GAL/HR) 

(TOMS> 

ITDN3) 

(<3) 

KM) 

t») 

!•) 

t ftM 

fl.O 

lAO.O 

145.0 

PZ1.4 

55 3.0' 

456.0 

1917.0 

4.540 

7.505 

4 

7 fl«4 

ft ^ n 

1 *A c; . n 


?.tT.a 

Jt3-B.4 

435.0 

1913.a 

4.540 

2.719 

4 

3 AH • 

o.o' 

t«.5.0 

1AG.0 

R34.J 

450.9 

395.3 

1913.0 

4.540 

3.735 

4 



1 ». f. . fl 

< lx i; . A 

PTs; -T 


373.0 — _ 

-JL913.0 

4.840 

— 2 • /bt% . - 

. 

5 A« 

0.0 

1A5.0 

1A5.0 

?35.3 

407.5 

550.? 

1913.0 

4. 540 

3.766 

4 




1 <A ^ . n 

77^ - 7 

qi e;-r 

(i93.? 

191 ?.JI 


- ■■Z'a563 

!t_ 

7 AM 

0.0 


lAG.n 

153.6 

690. '9 

614.1 

1917. 0 

4.540 

1.691 

4 




1 (a R . n 

TTeA.fl 


575-S 

1313.0 


#151 . - 

4 . 

<3 AM 

0.0 

1A5.0 

1A5.0 

350.0 

' 709.5 

633.5 

1913.0 

9.410 

.470 

4 





(aT7 . 7 

77lt, St’ 

636.6 

1912.0 

.9.410 

3-134 ... 

... 4 

U AM 

0.0 

1A5.0 

lAG.O 

354.5 

530.7 

730.0 

1913.0 

9.410 

1.160 

4 




« (At;. A 

T«fl . t; 


7f;T.i 

t9l ?.r> 

3.410 

_1.D92, 

it- 

1 PM 

0.0 


145.0 

4P5.3 

53?.6 

731.7 

1313.0 

9.410 

3.036 

■ 4 


1 - n 

1 >n 

1 (a«; - n 

ATI.l. . 

R7R-«I 

777 . T 

HHI fcl v’mH 

9.410 

2.077 

4 

3 PM 

0.0 

1A5.0 

145.0 

41M.4 ■ 

950.9 

an.o 

1913." 

9.41 0 

1.559 

4 



1 f A c: . n 

1 'a t; . n 

TR7. T 

qti f* . Cl 

_E,S1.Q 

1313.0 ' 

■ 9.410_. _ 

1.217 

— 4^ 

^ PM 

0.0 

lAO.I) 

145.0 

409.5 

9??.l 

"to. 3 

1913.0 

9.419 

1.66 3 

4 


r\ . n 


1 (i t; - n 

TQ7.1 

qnn- A 

7T1 -U 

1313.1! 

« 9.410 

L.312 

_4.^ 

7 PM 

0.0 

lAS.D 

145.0 

337 .1 

5?5.5 

775.4 

1917.0 

9.410 

.313 

4 

R PM 

ft- n 

iuR-n 

1 k cw n 

1 

94 3.5 

039.3 

1913.0- 

4.340 

.50 9 . 

. A - 

q PM 

o.n 

l!i5.n 

145.0 

115.? 

599.9 

793.7 

1913.0 

4.540 

.344 

4 


ll . 0 

1 n 

i (. t; . n 

1 n.iA 

ftOI .» 

743.0 

1913. D. 

4.840 

.439 

4— 

11 PM 

0.0 

lAi.O 

145.11 

165.7 

750.0 

659.0 

1913.0 

4.540 

1.355 

4 





i Q<a - 1 

q7q. \ 

qe.q-q 

tais.o 

4.340. 

1.933 

h 












.TOTAI 

a.o 

J^''0.3 

3433.3 

9974. 9 

17550.9 

1551 9. a 

45555.0 

171.000 

_._37.6S9 . 

- 


r . T -O-g A Sg C SMrBMO? r . MFa & V tti 


MOOR 

EL-:: DEMA'JO 
ri^wi 

£L£C D^-HAsn 

ELEC DEMASO 

f >fyi . 

SET OUTPJT 

STORAGE 



l_AM 

7 AH 

^ AM 

tJ]qq..s 

97R. l 
f Pa- 1 

1 



43R.Q 

V4R-7 

J56-2 

496*0 

qqq- 7 

U4 2.0 

loia.g 

iqf 

25940*0 
7ftq7q^iA .. 

4 AM 

517,1 

377,0 

737.9 

1913.0 

371 14.4 



5 AM 

RflL. t 

Tq«.J> 

7fAQ. 7 

1417. f> 

27761*2 



6 AH 

513.1 

453.3 

646. 7 

1913.0 

35103.5 



7 ft U 

q77. q 

qi «A - ^ 

T?n- n 

1417. fl 

28617*4 

& 


5 AH 

1053 . 3 

575.6 

354. 1 

1913.0 

35575.0 

S W 

Q AM 

1 f«7T-q 



1 41 7. IT 

7.40eAti-T 

it 

' 0 

10 AH 

951.5 

615.6 

311.6 

1913.0 

79307.0 

0 

11 AM 



7ft7.P 

1 41 7. fl 

29475*2-, 


^ cj 

NOON 

- 

957 ,® 

750, 1 

165.1 

1913. D 

39514.3 

r 

0 

1. PM 

OQT.R 

7T! - 7 

1 

1312*Q. - 

23773.3,- 


3 PM 

1001.5 

773.5 

137.9 

HI 3.0 

?95®5.7 

V* 


T OM 

1 n 1 1 . T 


. . . R7-7 

nt7-n 

203i*4.4 

C 


U PH 

1 1 

551.0 

37.1 

1913.0 

79985.5 

t? 

d a 

5 . PH 

.J199.J 

aio-1 

-9 a . .2 

1 11 7. n 

39563. l._ 


j 3 

6 PM 

1509.1 

791.4 

- 339. 3 

1113.0 

39403.5 

ta ’ 

— 7 PM 

17Z1.9 

723, 4. 

-505..3 

1J12 * 0 

-23703.3 


... p 

5 PM 

1"57.7 

539,3 

-905. 0 

1913.0 

77571.5 

•u rg 

q PM 

tu«7.7 

7tn. 7 

-Rqq.ei 

1 41 7. ft 




10 “H 

1957.7 

745. 0 

-533. 7 

1913.0 

25501.4 

as 

11 P.1 

1549*9 


• .196x9 

1 41 7- ft 

25127*1 



HD-NT 

1259.5 

5'.7.q 

103.3 

1913.0 

35313,5 














TABLE 27. 1000-UNIT APARTMENT 





SUMMER DAY ELECTRICAL STORAGE PERFORMANCE 


COMPRESSION 
_ All? COME 
(TONS) 


176.6 
1A5.H 
1 ? 0 .9 
,i9.9 
87.8 

_.1'5 3.2 
252.9 
.. 132.7 
'287.8 

288.4 

358.7 
_371. 9 

347.7 

. ' 
336.6 
435.3 
332. 3 
_374, 3_ 
346. 1 

524.5 

531.6 

492.8 
268. 3 
157.2 


7150.9 


ELECT FOR 
.... COMP A/C 
(KH) 


155.2 
• 127.4 
. 106,2 

87.8 

77.1 

_134,7. 

222.2 
160.6 
252.9 

253.4 
315. 2 

_ 328.5 
' 305.6 

317.8 

348.5 

378.1 

344.7 

328.9 

334.2 

460.9 
467.1 
433. 0 

235.8 

.. 138.1 _ 


GENERATOR 
.SET OUTPUT. 
(KHI 


1223.7 

1105.8 

920.5 
898.4 
879.9 

_.945.L. 

1146.5 

1243.5 

1277.4 

1216.0 

1293.9 
_1315.2 

1298.2 

1318.5 

1359.3 
1401.1) . 

1543.9 
_1840.0_. 

1912.0 

1912.0 

1912.0 

1912.5 . 

1912.0 

.1912.0. 


TOTAL H.G. 
HEAT SECOV 
(•) 


3.045 
. 2.704 
2.321 
2.258 
2.207 
_2.391_ 
2.838 
7.669 
7.762 . 
7.593 
■7,807 
_ ,7.867 , 
' 7.819 
. 7,876 
7.991 
8.107 
8.389 
_9.20a„ 
9.410 
. 4.840 . 
4.840 
4. '8 40 
4.840 
_4,840 


.. . 628T.9 

GENERATOR 
SET OUTPUT 
(KM) 


33701.3 139.463 

ENERGY I N 
STORAGE 
<KHH) 


0.0 1223.7 303 00.0 

0. [ 1105.8 " 30030.0 

0i,g 9 20 . S 30000 . 0 

0. 0 898.4 30D0!:'.'0~ 

0._D 879.9 30300.0 

O.C 945.7 30300.0 

0.0 1148.5 '30300.0 

0. 0 1243.5 ’ 30000; 0 

0..C 1277.4 3 0000.0 

Oi 0 ■ 1216. 0 '30000 . C~ 

O.q 1293.9 -30000.0 

C.C 1315.2 303fl0i0 

0.0 1293.2 30000. C 

C.-O '1318.5 “ 30000 .0 

Pt,C 1359.3 3'OOOC.O 

0.0 1401.0 ’30000.0' 

C.O 1543.9 30003,0 

O.C 1840.0 '' 30300.0 

1 1912.0 _ 29833.9 

-536,6 ’l912'.0 ' " 29162.6 

-S4 e.9 1912.0 28513.8 

-508.7 1912.0 27305.8" 

26.4 1912.0- 27927.8 

514.1 1912.0 "" 26357.9 



COMPARISON OF ENERGY STORAGE CONCEPTS AND SELECTION 
OF PRIMARY CANDIDATES 
\ 


The energy storage concepts which were addressed in this study were classified 
into six categories for the purposes of/ assessing technical and cost character- 
istics. These categories were: 

• Inertial Energy Storage 

• Superconducting Magnetic Ener^ Storage 

• Electrochemical Energy Storage 

• Chemical Energy Storage 

• Compressed Air Energy Storage 

• Thermal Energy Storage'. 

A seventh category, pumped hydroelectric storage, was not treated in this study 
since it was felt that the special siting requirements for these systems would 
be too restrictive for widespread lUS application. 

The assessments of energy storage concepts in each of the energy storage categories 
were, carried out by study team members who were knowledgable in the areas of 
technology appropriate to each category. The assessment procedure which was 
followed for each category can be summarized in stepwise fashion as follows; 

(1) Identification of candidate energy storage concepts 
or alternative implementations in each category based 
on a review of the literature as well as discussions 
with contacts in the energy storage field. 

(2) Preliminary assessment of each of the identified con- 
cepts to select those which appear to be most applicable, 
to lUS. 

(3) Generation of the technical and cost characteristics 
of the concepts selected. 

The technical and cost characteristics for each of the energy storage' concepts 
were developed- based primarily on information draim from the literature supple- 
mented by discussions with eqipLpment manufacturers and researchers, ' 
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The details of the assessments in each of the energy storage categories are 
presented in Volume III of this report. Results of these assessments are 
briefly summarized below. 


Inertial Energy Storage 

Inertial (i.e. , , flywheel) energy storage ,(IES) systems store mechanical energy 
as a rotating mass. A feasible inertial storage system must,- in addition tOi 
the wheel- itself , include- .equipment to effect the transfer of energy between 
the -lUS bus bar and the flywheel (power conditioning, a motor/generator , and 
a coupling /gearbox) as well as appropriate bearings, vacuum enclosures, and 
seals/.feedthroughs. This assessment task has resulted in the identification 
•and evaluation of alternatives for each of these components and a conceptual 
design .of a near-term Inertial -energy storage system applicable to lUS has 
evolved. Technical and cost characteristics of the .preferred design were 
developed for comparison with- other energy storage concepts. 

The conceptual inertial storage-’ system design which- was identified consists of 
a modular arrangement with a gang, of several wheels connected to a common trans- 
mission and generator. The wheels, are mounted with a horizontal spin-axis and 
are located in underground vaults for safety purposes. The wheel design 
selected consists of a multi-rim design utilizing composite materials (fiber- 
glass or kevlaf,) . .The near-term system must use ball or roller bearings which, 
unfortunately, will require replacement at about' one-year intervals — at a 
considerable expense. Advanced bearing systems offer the potential for in- 
creasing the overhaul period by a factor of 10, but are not likely to be available 
for near-term systems.. 

The calculations of net relative costs of near-term inertial storage systems 
are summarized in Tables 28 and 29 for the 1000-Unit Apartment and the Village 
Complex respectively. The data in both these tables, were developed based on 
replacement of a single generator set. In addition, the cost estimates used 
correspond to the low end of the .range reported in Volume III. Thus the 
net. relative costs calculated should be viewed as optimistic estimates. 
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A major cost item for near-term flywheel storage systems will be the frequent 
replacement of bearings. It was therefore desirable to assess the cost savings 
which could be realized if advanced bearing systems could be developed. The 
net relative cost for advanced bearing flywheel systems is shown in Table 30 
for the lOOO-Unit Apartment, l^ile the net relative cost is reduced for 'the 
advanced system, it is apparent that the- in^irovement is not sufficient to make 
flywheel storage systems competitive with the no-storage baseline. 

Superconducting Magnetic Energy Storage 

•The essence of a superconducting magnetic energy, storage system (SMES) is a 
superconducting magnet which iS' an' electromagnet wound with conductors con- 
• taking zero resistance components capable of sustaining the desired conductor 
currents under the operational. conditions so that no ohmic loss is experienced 
in steady state current operation. SMES could be relatively compact and 
efficient as the energy is s.tpred directly as -electromagnetic energy. 

As in- the inertial energy storage assessment, technical and cost characteristics 
of SMES systems were developed based on a conceptual design which appeared to 
be applicable to lUS, The device consists of a solenoidal coll configuration 
with cold reinforcement. It should be pointed out that SMES systems of the 
size under consideration have not been built and’ a significant amount of 
research and development is required before these systems may be implemented. 
Cost projections indicate that these systems are better suited to much larger 
energy storage capacities than are required for lUS and they do not appear to 
be cost competitive with other energy storage concepts for this application. 
Tables 31 and 32 summarize the calculation of net relative cost for SMES 
systems as applied to the 1000-Unit Apartment and the Village Complex respec- 
tively. Both tables correspond to the replacement of one generator set which 
represents the most' favorable case for -SMES. 
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TABLE 30. BEI RELATIVE COST OF AH ADVANCED INERTIAL STORAGE SYSTEM IHSTALLED 
n) THE lOOO-UHIT APARTMENT lUS 


Item 

Cost, 

Hiousands of Dollars 

Cost Discounted to Installation Date. 
Thousands of Dollars 

Case^®^ A Case^®^ R Case^^^ r n 

Installed Coet of Storage System 

280 





Credit for Generators Replaced^^^ 

-108 





Credit for Boilera Replaced 

0 





Net First Cost of Storage 

172 

172 

172 

172 

172 

Net Annual Fuel Costs 

0 





Net OEM Costs 

16/10 yr 

7.8 

4.0 

7,8 

4.0 

Life Cycle Cost of Storage System 


180 

176 

180 

176 

Life Cycle Cost of "No Storage". Options 


8960 

6710 

10,850 

7560 

Net Relative Cost 


1.020 

1.026 

1.017 

1.023 

Score 


3 

2 

3 

3 


(a) Case A - 7-1/2 percent per year discount rate, no fuel escalation. 

Case B - 15 percent per year discount rate, no fuel escalation. 

Case C - 7-1/2 percent per year discount rate, 5 percent per year fuel escalation. 
Case D - U percent per year discount rata, 5 percent per year fuel escalation. 

(b) One generator set replaced. 


TABLE 31. NET RELATIVE COST OF AN SMES STORAGE SYSTEM INSTALLED 
IK iOOO-UNIT APARTMENT IDS 


Cost Discounted to Installation Date, 
Thousands of Dollars 


Item 

Thousands of Dollars 

Case^*^ A 

Case^*^ B 

Case^®^ C 

Case^®^ ] 

Installed Coat of Storage System 

1130 





Credit for Generator Sets Replaced 

-108 





Net First Cost 

1022 

1022 

1022 

1022 

1022 

Annual Fuel Savings 

o 

X 

0 

0 

■ 0 

0 

Net 0&.M Costs 

~ 0 

0 

0 

0 

0 

Discounted Life Cycle Cost of Storage 
System * 


1022 

1022 

1022 

1022 

Discounted Life Cycle Cost of "No 
Storage" Baseline 


8960 

6710 

10,850 

7560 

Net Relative Cost 


1.114 

1.152 

1.D94 

■1.135 

Score 


1 

1 

1 

1 


(a) Case A - 7-1/2 percent per year discount rate, no fuel escalation. 

Case B - 15 percent per year discount rate, no fuel escalation. 

Cass C - 7-1/2 percent per year discount rate, 5 percent per year fuel escalation. 
Case D - 13 percent per year discount rate, S percent per year fuel escalation. 

(b) One generator set replaced. 
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TABLE 32. NEt RELATIVE COST OP AN SMES STORAGE SYSTEM INSTALLED IN THE 
VILLAGE COMPLEX lUS 


Item 

i i 

Cost, 

Thousands of Dollars 



^Cost Discounted to 
l^toussnds 

Case^°^ A Case^®^ B 

1 • 1 1 .11 1 i„ j 

Installation Date, 
of Dollars 

Case^“^ C Case^“^ D 

Installed Cost of Storage System 

2550 





Credit for Generator Sets Replaced 

-768 





-Kef First Cost' 

1782 

1782 

. ‘ 1782 

1782 

1782 

Annual Fuel Savings 

0 





Net Annual OSM- Coats 

0 . 





Discounted Life Cycle Cost of Storage 


1782 

1782 

1782 

1782 

Discounted Life Cycle Cost of "No 






storage" Baseline 


62,300 

53,600 

66,800 

55,800 

Net Relative . ‘ , 


1.029 

1.033 

1.027 

1.032 

Score 


2 

2 

2 

2 


(a) Case A - 7-1/2 percent per year discount rate, no fuel escalation. 

Case Bk — 'lSVpercenC< per year discount rate, 'no fuel e&calatloa. 

Case C - 7-1/2 -percent per year discount rate, 5 percent per 'year fuel escalation. 
Case’D. — 15 percent,, per year- discount rate, 5 percent per year fuel escalation. 

(b) One. generator set replaced. 


TABLE '33. NET-RELATIVE COST OP LEAD DIOXIDE-LEAD BATTERY STORAGE SYSTEM INSTALLED 
IN'-THE aobOrONIT ,APM3MEOT lUS 


Item 

Cost, 

Thousands of Dollars 

Cost Discounted to Installation Date, 
Ihousands of Dollars 

■Case^*^ A Case^®^ B Case^“^ C Case^®^ D 

Installed Cost 

163 





Credit for Gen Set Replacement^^ 

-108 





Net First Cost 

55 

55 

55 

55 

55 

Annual Fuel Savings 

0 





Replacement Costs (5-yr Intervals) 






at 5 yr . 

- 71 

49 

35 

49 

35 

at 10 yr 

50 

24 

12 

24 

12 

at IS yr 

43 

15 

5 

15 

5 

Life Cycle. Costs 


143 

107 

143 

107 

Life Cycle Cost of "No Storage" Baseline 


8960 

6710 

10,850 

7560 

Net Relative Cost ' 


1.016 

1.016 

1.013 

1.014 

Score 


3 

■ 3 

4 

4 


(a) ■ Case A - -7-1/2 percent per year discount rate, no fuel escalation. 

Case B - 15 percent per year discount rate, no fuel escalation. 

Case c - 7-1/2 percent per yeor discount rate, S- percent per year fuel escalation. 
Case D — 15 percent per year discount rate, 5 percent per year fuel escalation. 

(b) One generator aet replaced. 
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Electrocheniical Energy Storage 

Electrochemical storage installations for lUS application would consist of (1) 
power conditioning equipment and (2) rechargeable batteries arrayed as the 
energy storage device. Fqur electrochemical storage systems were selected for 
assessment. They are (1) lead dioxide-lead (or lead-acid), (2) zinc-chlorine 
hydrate, (3) lithium-metal sulfide, and (4) sodium-sulfur systems. Of these, 
only the lead dioxide- lead systems, are available for near-term applications. 
Tables 33 and 34' summarize the calculations for net relative cost of near-term 
Pb02/Pb battery systems applied to the 1000-Unit Apartment and the Village 
Complex respectively. It is appropriate to note that, for battery systems, 
replacement at approximately 5 year Intervals is required. The replacement 
costs are included in the calculation of NRG, Scores of 4 and 5 have been 
assigned to the 1000-Unit Apartment and the Village Complex, respectively. 

It is apparent that the near term lead acid battery systems will not be cost 
competitive for lUS application. It is appropriate, however, to estimate the 
economic profitability of advanced battery systems. Table 35 gives estimates 
of the net relative cost of- sodluniTTSulfer battery- systems applied to the 
Village Complex. From the results of the calculations, it would appear that 
these advanced battery systems will result in a slight reduction in the life 
cycle cost of lUS installations over the no-storage baseline. 

Chemical Energy Storage 

In the electrochemical energy storage devices discussed in the previous section, 
energy was fed into an energy converter, namely the battery, in which the 
chemical states of the reactants were changed.. These "active" materials were 
then stored within the battery until it was necessary to recover the energy. 

The reactants .then reverted to their .previous state. Electrochemical energy 
storage is thus a special case of chemical energy storage in which (1) electrical 
energy is stored and released, and (2) the energy converter is also the energy 
store. 
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TABLE 34. HEX RELATtVE COST OF LEAD DIOXIDErLEAD BATTERY STORAGE SYSTEM INSTALLED 
IH THE VILLAGE COMBLEX lUS 


' Item 

1 .1 II llj 1 

Cost, 

Thousands of Dollars 

Cost Discounted to Installation Datc» 
Thousands of Dollars 

Case^*^ A Case^®^ B Case^^^ C Case^®^ D 

ms called Cost 

69S 





Credit for Generator Replacement^^ 

-768 





Net First Cost 

- 70 





Annual Fuel Savings 

0 

-70 

-70 

-70 

-70 

Replacement Costs (5-yr intervals) 






at 5 yr 

212 

147 

lOS 

147 

105 

at 10 yr 

152 

74 

37 

74 

37 

at IS yr 

129 

44 

16 

44 

16 

Life Cycle Costs 


195 

88 

195 

88 

Life Cycle Cost of "No Storage" Baseline 


■62,300 

53,600 

66,800 

55,800 

Nee Relative Cose 


1,003 

1,002 

1,003 

1,002 

Score 


5 

5 

5 

5 


(a) Case A - 7-1/2 percent per year discount rate, no fuel escalation. 

Case E - 15 percent per year discount rate, no fuel escalation. 

Case C - 7-1/2 percent per year discount rate, 5 percent per year fuel escalation. 
Case D - IS percent per year discount rate, 5 percent per year fuel escalation. 

(b) One generator sec replaced. 


table 35. NET RELATIVE COST OF A SODIUM-SULFUR BATTERY STORAGE SYSTEM INSTALLED 
m TOE VniAGE COMPLEX lUS 


Item 


Cost Discounted to Installation Date, 
Thousands of Dollars 

Thousands of Dollars Caae^°^ A Case^°^ B Case^°^ C Case^. ^ I) 


Inatalled Cost of Storage System 

.fb) 

Credit for Generators Replaced 
Credit for Boilers Replaced 

368 

-768 

0 




-400 

A 

Net First Cost of Storage 

-400 

-400 

-400 

-400 

Net Annual Fuel Costs 

0 

0 

0 

0 

u 

Net O&M Costa .(Replaccnient at 5-yr 
intervals) 


101 

58 

101 

58 

Life Cycle Cost of Storage System 


-299 

-342 

-299 

-342 

Life Cycle Cost of, '-'No Storage" Options 


62,300 

53,600 

66,800 

55,800 

Net Relative Cost. 


0.995 

0.994 

0.996 

0.994 

Score 


6 

6 

5 

6 


fa) Case A - 7-1/2 percent per year discount rate, no fuel escalation. 

Case B - 15. percent per jrear discount rate, no fuel escalation. 

case C - 7-1/2 percent per year discount rate, 5 percent per year fuel escalation. 

Case D - IS percent per year discount rate, 5 percent per year fuel escalation. 


(b) One generator sat replaced. 
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Chemical energy storage devices utilize electrical energy for the production of 
a fuel (e.g., hydrogen). The fuel is stored until the storage system is called 
upon to produce power and the fuel is reconverted to electrical energy,. While 
the overall process is recognized to possess low efficiency, chemical storage 
concepts were examined in order to assess the possibilities of attractive cost 
characteristics. 

The assessment of chemical energy storage systems concentrated on the three sub- 
systems required; (1) production, (2) storage, and (3) convertion. A near-term 
configuration was identified which consisted of a water electrolyzer for the 
production of hydrogen, a high pressure steel tank storage system, and a fuel 
cell conversion system. Calculation of the net relative cost for the near term 
chemical storage systems are summarized in Tables 36 and 37 for the 1000-Unit 
Apartment and the Village Complex respectively. The estimates are based on the 
replacement of one generator set for each application. 

Compressed Air Storage 

The compressed air storage concept is a functional modification of the open- 
cycle combustion gas turbine which Involves the separation of the compressor 
from the remainder of the gas turbine cycle. . Off-peak electrical energy is 
utilized to operate the compressor and the compressed air is stored. The 
stored compressed air is then utilized at a later time allowing the turbine 
portion of the gas' turbine cycle to utilize essentially all of its shaft power 
for the production of electrical power. 

The assessment of compressed air storage technology. which was carried out in 
this study has resulted in the selection of a hard rock storage cavern as the 
preferred- storage concept for near term application to lUS. The net relative 
costs for this preferred compressed air storage system are summarized in Tables 
38 and. 39 for the 1000-Unit' Apartment and the Village Complex, respectively-. 

Both tables refer to the replacement of one of the diesel generator sets. It 
should be pointed out that, for the case of replacement of more than- one 
generator set, the economics of compressed air storage becomes less favorable 
due to the Increase in the storage volume required. 
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MLE 36. HET RELATIVE COST OF A CHEMICAL STORAGE SYSTEM INSTALLED 
IN IKE 1000-UNIT APARTMENT lUS 


Item 


Cost, 

Thousands of Dollars 


Cost Discounted to Installation Date, 
Thousands of Dollars 

Case^^^ A Case^^^ B Case^°^ C Case^^^ D 


Installed Cost of Storage System 417 
Credit for Generator Seta Replaced -lOS 
Net First Cost 309 


Life Cycle Coat 

309 . 

309 

309 

309 

Life Cycle Goat of *'No Storage'^ Option 

8960 

6710 

10,350 

7560 

Net Relative Cost 

1.034 

1.046 

L.028 

1.041 

Score 

■ 2 

1 

■ 2 

1 


(a) Case A - 7-1/2 percent per year discount rate, no fuel escalation. 

Case B - 15 percent per year discount rate, no fuel escalation. 

Case C - 7-1/2 percent per year discount rate, 5 percent per year fuel escalation. 
Case D - 15 percent per year discount rate, 5 percent per year fuel escalation. 


(h) One. generator set replaced. 


TABLE 37. NET RELATIVE COST OF A CHEMICAL STORAGE SYSTEM INSTALLED 
IN THE VILLAGE CCMFLEX XUS 


■ Item 

Cost, 

Thousands of Dollars 

Cost Discounted to Installation Date, 
Thousands of Dollars 

Case^®^ A Case^®^ B Case^^^ C Case^®^ D 

Installed Coet of Storage System ' 

3014 





Credit for Generator Set Replaced^^ 

-768 • 





Net First Cost 

2246 

2246 

2246 

2245 

2246 

Annual Fuel Savings 

0 





Life Cycle Cost 


2246 

2246 

2246 

2246 

Life Cycle Cost of "No Storage" 


62,300 

53,600 

66,800 

55,800 

Alternative 






Net Relative Cost 


1.036 

1.042 

1.034 

1.040 

Score 


1 

1 

2 

1 ‘ 


'(a) Case A - 7-1/2 percent per year discount rate, no fuel escalation. 

Case B - 15 percent per year discount rate, no fuel escalation. 

Case C - 7-1/2 percent per year discount rate, 5 percent per year fuel escalation. 
Case D - 15 percent per year discount rate, 5 percent per year fuel escalation. 

(b) One generator set replaced. 
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liBlE 38. HEX BELAXIVE COSX OF A COIPRESSED AIR STORAGE SYSTEM INSTALLED 
IN THE 1000-UNIT APARTMENT lUS 


Cost, 

Item Thousands of Dollars 

Cost Discounted to Installation Dateg 
Thousands of Dollars 

Case^®^ A 

Casef®^ B 

Case^®^ C 

Case^®^ D 

Installed Cost of Storage System 122 

Credit for Generators Replaced -108 





Credit for Boilers Replaced 0 
Net First Cost of Storage 14 
Net Annual Fuel Costs ~ 0 
Net OSH Costs ~ 0 





Life Cycle Cost of Storage System 

14 

14 

14 

14 

Life Cycle Cost of "No Storage" Options 

8960 

6710 

10,850 

7560' 

Net Relative Cost 

1.001 

1.002 

1.001 

1.001 ' 

Score 

5 

5 

5 

5 

(a) Case A - 7-1/2 percent per year discount rate, no fuel escalation. 

Case B - 15 percent per year discount rate, no fuel escalation. 

Case C - 7-1/2 percent per year discount rate, S percent per year fuel escalation. 
Case D - 15 percent per year discoimt rate, S percent per year fuel escalation. 



(b) One generator replaced. 
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TABLE 39. NET RELATIVE -COST- OF A COMPRESSED AIR STORAGE SYSTEM INSTALLED- 
IN THE VILLAGE COIPLEX lUS 


A. 





C09t» 

icem ' Thousands of Dollars 

Cost Discounted to Installation Date, 
Thousands of Dollars 

Case^®^ A 

Case^®^ B 

Case^®^ C 

Case^®^ D 

Installed Cost of Storage System 651 

Credit for' Generators- Replaced -768' - 





Credit for Boilers Replaced 0 

Net First Cost of Storage -117 

Net Annual Fuel Costs • - 0 ^ 

' Net O&H Costs. ~ 0. 

-117 

-117 

-117 

-117 

Life Cycle Cost’of Storage System 

-117 

-117 

-117 

-117 

Life Cycle Cost of '"No Storage" Options ' • ' 

62,300 

53,600 

66,800 

55,800 

Net Relative Cost ■ • 

0.998 

' 0.998 

0;998 

0.998 

Score • 

5 

. 5 

5 .. 

5 


(a) Case A - 7-1/2 percent per yeac dlscouaC rate,- no fuel escalation. 

Case B - 15 percent per year discount rate, no fuel escalation. 

Case C - 7-1/2 percent per year dlscount:.rate, 5- percent per year fuel escalation. 
Case D - 15 percent per yeac discount rate,' 5 percent per year fuel escalation. 

(b) One generator replaced. 
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Thermal Energy Storage 


Thermal energy storage systems may be- defined, for the purposes of this study, 
as storage systems which are charged arid discharged via the transport of 
thermal energy across the storage system boundaries. This definition includes 
both the heat and cold integration concepts discussed in earlier sections of 
this report. The actual energy content of a thermal storage system may mani- 
fest itself as a change in the temperature of a material, as a change in the 
physical state of a material, of as a change in the chemical composition of a 
system. Thermal energy storage (TES) systems may be viewed as consisting of a 
thermal storage material, a vessel for containing the TES material, and a means 
for transporting thermal energy "to and from -storage. A fourth area for considera- 
tion is the method of integrating the thermal store within the lUS. 

During the course of the assessment task, four thermal storage concepts were 
identified which appeared to be particularly applicable to lUS. These were 
water storage, annual cycle ice storage, thermal wells, and a paraffin-water 
"hybrid" system. These concepts will be discussed briefly in the following 
paragraphs. 


Water Storage 

Water storage systems appear to be particularly well suited to lUS application. 
Water can be used to distribute thermal ener^ throughout the complex or 
community being served thus simplifying the integration of the thermal storage 
system with the lUS. Moreover, water is readily available and inexpensive and 
a considerable amount of engineering experience exists on its use. Water 
storage systems have the additional advantage of being able to store chilled 
water during the summer months as well as heat during the winter. 

The water storage system utilizes the sensible heat of water ;to store 
thermal energy. The water is contained in a tank which operates, at -atmospheric 
pressure, thus limiting the maximum temperature of operation to about, 367 K 
(200 F) . Due to- the large storage voliame which will be req;uired for lUS water 
storage systems, it is desirable to locate the. storage tank underground,with- 
concrete being the preferred tank material. - 
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Aimual Cycle Ice Storage 


Recent studies carried out at Oak Ridge National Laboratories have revived 
Interest in a concept which utilizes ice for the storage of energy on a sea- 
sonal basis. The concept is known as Annual Cycle Energy Storage (ACES) and is 
normally envisioned as a means of reducing the energy requirements of resi- 
dences or commercial buildings which are serviced by conventional utilities. A 
variation of the ACES concept which would be applicable to Integrated Utility 
Systems utilizes a heat pump to supply auxiliary heating requirements normally 
satisfied by auxiliary boilers. The heat pump evaporator withdraws energy from 
a specially constructed water tank, causing the temperature of the tank to drop 
until the water begins freezing. The freezing process continues throughout the 
heating seasons so that a considerable amount of ice will accumulate. The ice 
is stored until the summer months when it is used to supply a portion of the 
cooling requirements of the lUS community. 

Thermal Wells 

The thermal well storage concept Involves the injection of pressurized hot 
water into an aquifer. The injected water will be less dense than the native 
groundwater due to its higher teiqperature, and will displace the colder water 
downward. The hot water/hot porus rock combination acts as a thermal storage 
medium which can be discharged by reversing the flow of water from the well. 

The thermal well concept is viewed as a means of storing energy on a seasonal 
basis. The storage would be utilized to accept otherwise unusable high-grade 
heat during the fall and spring seasons when heating and cooling loads are low. 
This heat could then be recovered during the winter months to supply the 
auxiliary heating requirements of the lUS. It should be pointed out that the 
thermal well concept would, act only as a heat storage system and would not 
enable the replacement of generator capacity required to meet peak cooling 
loads. 
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Paraffin Storage 


The paraffin storage concept can be considered to be a hybrid system combining 
a paraffin storage material with a water storage system. The paraffin would be 
sealed in suitable containers and these containers would be placed inside a 
water storage tank. During winter operation, the temperature of the storage 
tank will be maintained above the melting temperature of the paraffin at all 
times and the system will operate exactly the same as a "conventional" water 
storage system. During the summer months the tank will be used to store 
chilled water and at the fully charged condition, its temperature will be 280 K 
(45 F) which is below the freezing point of the paraffin. As the storage 
system is called upon to supply cooling, the ten5>erature of the water in the 
tank will rise and the phase change material will begin to melt thereby ab- 
sorbing its latent heat of fusion from the water. The net effect is an apparent 
Increase in the specific heat of the water contained in storage. Since the 
chilled water storage requirement normally dictates the size of a water storage 
tank for lUS applications, the paraffin storage system offers the possibility 
of substantial reduction in the volume of the storage system. 

Comparison of Alternative Thermal Storage Concepts 

The results of the assessment of alternative thermal storage concepts reveal 
that the water storage concept is superior to the other thermal concepts 
investigated. Water storage appears to be particularly attractive due to the 
relatively well developed technology available for utilizing this system. In 
addition, the energy savings associated with water storage systems are equal to 
or greater than any of the other storage concepts. 

The primary advantage of vjater storage systems, however, is economic. Tables 
40 through 43 summarize the calculation of net relative cost for each of the 
concepts as applied to the 1000-Dnit Apartment. Water storage scores consistently 
higher than the other concepts for all of the economic cases examined. This 
is primarily due to the combined advantage of significant energy savings as 
well as savings in first cost due to the replacement of generator capacity. 
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TABLE 40. NET RELATIVE COST OF A HATES STORAGE STSTEM INSTALLED 
IN THE lOOO-ONIT AFARTbtENT IDS 



(a) Case A - 7-1/2 percent per year discount rate, no fuel escalation. 

Case B - 15 percent pec year discount rate, no fuel escalation. 

Case C - 7-1/2 percent pec year discount rate, 5 percent per year fuel escalation. 
Case D - 15 percent per year discount rate, 5 percent per year fuel escalation. 

(b) One generator set replaced. 
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TABLE «Z. NET RELATIVE COST OF A THBKM, HELL STORAGE SYSTEM INSTALLED 
IN THE 1000-UNIT APARTMENT INTEGRATED UTILITY SYSTEM lUS 


Icem 


Cost, 

Thousands of Dollars 


,CosC Discounted to Installation DatCi 

• Thousands' of Dollars 

Casei^^ -A Casei®! B Case^^J C CaseiAi D 


Installed Cost of Storage 

-100 





Credit for Auxiliary Boiler Replaced 

-48 





Net First Cost^*’^ 

52 

52 

52 

52 

52 

Annual Fuel Savings . 

-7.2/yr 

-74 

-45 

-108 

-60 

Life Cycle Cose of Storage System 


-22 

7 

-56 

-8 

Life Cycle Cost of "No Storage" System 


8960 

6710 

10,850 

7560 

Net Relative Cost 


0.997 

1.001 

0.995 

0.999 

Score 


5 • 

5 

6 

5 


(a) Case A - 7-1/2 percent per year discount rate, no fuel escalation. 

Case B - IS percent per year discount rate, no fuel escalation. 

Case C - 7-1/2 percent per year discount rate, S percent per year fuel escalation. 
Case D - IS percent per year discount rate, 5 percent per year fuel escalation. 

0>) Concept does not allow replaceaent of generator sets. 


TABLE 43. NET RELATIVE COST OF PARAFFIN STORAGE SYSTEM INSTALLED 
IN 1000-UNIT APARTMENT INTEGRATED UTILITY SYSTEM 


Item 


Cost, 

Thousands of Dollars 


Cost Discounted to Installation Date, 

Thousands of Dollars 

Casei^' A CaseU; B Caae<«l C Caseial D 


Installed Cost of Storage 297 
Credit for Generator Sets -Replaced^^^ -216 
Credit for Auxiliary Boiler Replaced -48. 


Net First Cost . 

-33 

33 

33 

33 

-33 

Annual Fuel Savings' - . 

-7.2/yr 

-74 

-45 

-108 

-60 

Life Cycle Cost of Storage System 


-41 

-12 

-75 

-27' 

Life Cycle Cost of "No -Storage" Option • 


8960 

6710 

10,850 

7560 

Net Relative Cost 


0.995 

0.998 

0.993 

0.996 

Score 


' 6 

5 

6 

5 

(a) Case A - 7*1/2 percent per year discount rate* no fuel escalations 
Case B - 15 percent per year discount rate, no fuel escalations 
Case C * 7-1/2 percent per'year discount rate, 5 percent per year fuel escalation. 
Case D * 15 percent per year discount rate, 5 percent per year fule escalation. 


(b) Two generator secs replaced. 


\ 
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Of the remaining concepts, the paraffin system offers the potential for re- 
ducing the size of the storage tank required but the cost of this system 
appears to be excessive unless low cost paraffin containers can be developed. 

Selection of Primary Candidate 

The results of the assessment tasks were utilized to arrive at the selection 
of water storage as the primary candidate for near-term application to lUS. 

The rationale for this selection can be demonstrated by reference to Tables 44 
and 45 which summarize the scoring for each of the energy storage categories. 

As indicated by the scores for the net relative cost criteria, water storage 
is the only storage concept examined which ejdiibits significant dollar savings 
on a life cycle basis. The scoring scale for this criteria was based on in- 
crements of 1 percent. A score of 6 for net relative cost would therefore indi- 
cate a savings of about 1 percent of the life cycle cost of the no-storage 
baseline lUS. A score of 4 indicates that the ItlS'with energy storage costs 

1 percent more than a no-storage lUS. Water storage systems can therefore be 
expected to reduce the life cycle cost of lUS installations by approximately 

2 percent. 

Water storage systems also scored high in relative fuel utilization. Other 
storage systems (i.e., paraffin storage and thermal wells) .could equal the 
energy savings associated with water storage, none was foimd to exceed it. As 
indicated earlier, the application of "electrical" storage devices do not re- 
sult in the reduction of IIIS fuel consumption. 

Water storage systems having the additional advantage of utilizing present day 
technology. While (1) further development work is required in several areas 
(e.g., efficient baffling techniques and methods of minimizing pumping require- 
ments), and (2) water storage systems are not considered off-the-shelf items, 
successful water storage systems similar to those which would be required for 
ITJS have been constructed. 

Disadvantages of water storage systems can be attributed to their large size, 
their somewhat limited expansion capability, and the extensive on-site con- 
struction effort which is required. 
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TABLE 44. gijfiHARY OF SCORING FOR SELECTION OF PRIMARY E/S CANDIDATE 
FOR lOOD-UNIT APARTMENT IDS 





Energy Storage Alternative. 

. raw score 




Criteria 

Weleht 

No 

Storage 

Electrochemical 

Compressed 
Chemical Air 

Inertial 

SUES 

Thermal 

Net Relative Cost 

2 

5 

4 

2 

5 

2 

1 

7 

Relative Fuel Utilization 

1.4 

5 

5 

5 

5 

5 

5 

7 

Safety 

1.2 

5 

3 

3 

5 

3 

3 

5 

Availabllity/Rellabllity/ 

Maintainability 

l.l 

5 

3 

5 

5 

3 

7 

5 

Hardware Availability 

1.1 

5 

3 

3 

3 

3 

1 

4 

EnviToximental ConcexDS 

0.8 

J 

S 

5 

3 

5, 

3 

5 

Energy Storage Density 

0.6 

5 

3 

3 

1 

3 

4 

2 

Expansion Capability 

0.6 

5 

7 

5 

3 

5 

3 

3 

Transportability 

0.2 

5 

5 

5 

3 

3 

3 

3 

Total Raw Score 


45 

3S 

36 

33 

32 

30 

41 

Total Weighted Score 


45 

36.2 

33.2 

37.2 

30.6 

28.6 

47.3 


TABLE 45. 

syMMARY OF SCORING FOR SELECTION 
FOR VILLAGE COMPLEX lUS 

OF PRIMARY E/S CANDIDATE 







Enerav Stora^a 

-Alternative, raw score 






No 



Compressed 




Criteria 

Weight 

storage 

Electrochemical Chemical 

Air Inertial 

SMES 

Thermal 

Net Relative Cost 

2 

5 

5 

2 

5 

4 

2 

7 

Relative Fuel Utilisation 

1.4 

5 

5 

5 

5 

5 

■ 5 

6 

Safety 

1;2 

5 

3 

3 

5 

3 

3 

5 

Avallabillty/Rel lability/ 

1.1 

5 

3 

5 

5 

3 

7 

s 

Maintainability 









Hardware Availability 

1.1 

5 

3 

3 

3 

3 

1 

4 

Environmental Concerns 

0.8 

5 

5 

5 

3 

5 

3 

5 

Energy Storage Density 

0.6 

5 

3 

3 

1 

3 

4 

2 . 

Expansion Capability 

0.6 

. 5 

7 

5 

3 

5 

3 

3 

Transportability 

0.2 

5 

5 

5 

3 

3 

3 

3 

Total -Raw Score 


45 

39 

36 

33 

34 

31 

40 

Total Weighted Score 


45 

38.2 

33.2 

37.2 

34.6 

30,6 

45.9 
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INTEGRATION CONSIDERATIONS FOR WATER STORAGE SYSTEMS 


Water storage has been selected as the primary candidate for energy storage in 
conjunction with Integrated Utility Systems. The original work statement and 
study plan defining these investigations called for a detailed consideration 
of the Integration aspects of the primary candidate. During the course of the 
investigations, however, it was determined that the assessment of energy 
storage in climates other than Washington, D.C., would be of greater value and 
the time and resources were allotted accordingly. It is appropriate, however, 
to discuss several of the integration considerations which were identified and 
addressed throughout the study. 

One of the advantages of water storage systems for lUS application is that 
these systems have the ability to function in the heat storage mode during the 
winter months as well as in the cold storage systems during the summer. Since 
each of these storage modes obviously will require different Integration 
techniques, it is desirable to address each of the methods separately. 

Chilled Water Storage 


Integration of a chilled water storage system with lUS is dependent on the 
characteristics of the chillers and the chilled water distribution system. For 
the purposes of this study, it has been assumed that chilled water is distri- 
buted to the various buildings being served at a tenperature of 280 K (45 F) 
and is returned at 287 K (57 F) . Control of the system is assumed to be by 
variable flow rate. That is, for part load operation, the chilled water flow 
rate is reduced and a nearly constant return water temperature is maintained. 
The 280 K (45 F) send-out temperature is maintained by varying the number of 
chillers which are on line. The chillers are assumed to be in parallel such 
that each machine operates between the same supply and return temperatures. . 

A number of schemes for integrating the chilled water storage tank with the 
lUS have been identified and two leading possibilities are presented in Figures 
11 and 12. These two systems are identical during charging when excess 280 K 
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45 F 



.FIGUJIE 11. CHILLED WATER STORAGE TYPE A INTEGRATION 



FIGURE 12. CHILLED WATER STORAGE TYPE B INTEGRATION 
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(45 F) chilled water is routed into storage while warmer water in storage is 
mthdrawn and blended with return water. The two systems differ, however, in 
the way that the storage is discharged. For the concept shown in Figure 11 
(which is referred to as a chilled water Type A integration) , return water 
is diverted into storage and chilled water from storage is mixed with the re^ 
maining return flow, the net result is that the temperature of the return water 
which is supplied to the chillers is reduced. Since the send-out temperature 
remains constant, the chillers will now be able to handle a greater flow rate. 
This procedure has the advantage of being able to use nearly all of the stored 
energy without regard to the temperature of the water drawn from storage (pro- 
vided, of course, that sufficient flow rates can be maintained) . The system is 
undesirable, however, due to the fact that .the lower, chiller inlet temperature 
will decrease the COP of those machines. 

The Integration concept shotm in Figure 12 (referred to as a chilled water 
Type B Integration) is discharged by diverting return water to storage while 
supplying chilled water directly to the supply main of the distribution system. 
Thus, a portion of the return water bypasses the chiller completely. The 
chillers may therefore operate with their design tenperature drop and design 
flow rate resulting in optimum performance. The disadvantages of this concept 
is the fact that', as the tank is discharged, its average temperature will rise. 
If this rise In tank temperatinre is reflected in an increased storage discharge 
water temperature, the water drawn from storage will eventually become unusable. 

The disadvantages of the second system could be overcome by providing a method 
of preventing direct mixing of the inlet and outlet flows. From a thermal 
standpoii^t, a two tank arrangement would be desirable in which the tanks are 
alternately filled and emptied. A two tank approach would, however, be prohi- 
bitive from a cost standpoint. Alternately, a series of tanks or a. baffling 
system could be used to approach the performance of a two tank arrangement. 

The exact method of obtaining the necessary stratification has not been deter- 
mined in this study and further investigations in this area are recommended. 

It appears, however, that adequate techniques can be developed and the integra- 
tion concept presented in Figure 12 is, therefore, suggested for application to 
lUS. 
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Hot Water Storage 


The hot water distribution system operates with a send-out temperature of 367 K 
(200 F) and a return temperature of 333 K (140 F) , As for the chilled water 
system, a variable flow rate arrangement is assumed for control of the return 
temperature. The integration of heat storage systems with the lUS is compli- 
cated by the fact that heat recovery takes place at several temperature ranges. 
Lube oil recovered energy is assumed, for this study, to take place at a 
temperature of 355 K (180 F) while high grade energy is in the form of 394 K 
(250 F) steam. Since the send-out temperature of the distribution system is 
367 K (200 F) it is obvious that some high grade energy will always be required. 
In order to account for lube oil heat exchanger effectiveness of less than 1, a 
maximum lube oil heat exchanger output temperature of 350 K (170 F) has been 
assumed.* 

A possible integration arrangement for hot water storage systems is shown in 
Figure 13. The arrangement (which is referred to as a hot water Type A inte- 
gration) is similar to the suggested (Type B) cold storage scheme in that the 
storage is essentially in parallel with the heat sources. Thus the temperature 
of the water entering the lube oil heat exchanger is maintained at a low tem- 
perature during discharge promoting efficient heat transfer. 

Difficulties with this system can arise, however, due to the variability of the 
sources and demands for thermal energy. For example, it has been observed that, 
under certain conditions, there is ample low grade energy available to preheat 
the return flow to the maximum low grade heat exchanger exit temperature of 
350 K (170 F) , but that the quantity of high grade energy available is not suf- 
ficient to bring the flow to its final temperature of 367 K (200 F) . In order 
to make up the deficit in high grade energy, storage must be utilized. In the 
hot water Type A integration depicted in Figure 13, a portion of the return 
water would be diverted to storage thus reducing the flow of water through both 
the heat exchangers. This results in an increase in the amount of low grade 
energy which must be discarded- — an obviously undesirable consequence. 


* This assumption is ■ consistant with previous lUS studies (1 and 2). 
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•> 200 F 



< 140 F 


FIGURE 13. HOT WATER STORAGE TYPE A INTEGRATION 


200 F > 



< 140 F 


FIGURE 14. HOT WATER STORAGE TYPE B INTEGRATION 
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The difficulties described in the preceding paragraph can he overcome by pro- 
viding a means of utilizing some of the excess low grade energy to preheat 
the water which is diverted to storage during discharge. A method of accom- 
plishing this is shown schematically in Figure- 14. This arrangement (which 
is referred to as a hot water Type B integration) has the capability of being 
charged or discharged either upstream or downstream of the lube oil heat ex- 
changer. Therefore, during those periods when ample low grade energy is 
available but extra high grade energy is needed, the storage tank will be 
discharged by -diverting water to the tank after it has been preheated in the 
lube oil exchanger. The added flexibility of the hot water Type B system 
makes this arrangement the preferred method of integration for hot water 
storage in connection with lUS. 

Gomblned. Heat and Cold Storage 

The water storage tanks will be required, for economic reasons, to operate at 
atmospheric pressure. Pumps will therefore be installed to withdraw water from 
storage and raise its pressure to line pressure. For ease of presentation, the 
previous schematics depicting integration concepts have shown separate pumps 
for both charging and discharging. By appropriate piping and valving, however, 
the same pump- may he used' for both functions. Figure 15 is a schematic diagram 
of a water storage system integrated with an ITJS showing the piping and valving 
required for both winter and simimer operation. The storage pump has been shown 
as discharging at points of low pressure in the distribution system in order 
to minimize both the energy requirements for pumping and the pun5) capacity 
required . 

An important consideration for combined hot and cold storage systems will be 
the procedure for switching from one mode of storage to the other. Fortunately, 
the changeover process can be a gradual one occurring during the autumn and 
spring when excess heat .is available. Absorption chillers can utilize this 
excess heat to bring the storage tank to its charged state prior to the start 
of the cooling season while excess recovered heat may be used to charge the 
heat storage system prior to the heating season. 
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FIGURE 15. COMBINED HOT AND CHILLED WATER STORAGE SYSTEM INTEGRATED WITH lUS 




ASSESSMENT OF WATER STORAGE SYSTEMS IN ALTERNATE CLIMATES 


Water storage was selected as the primary .energy storage candidate as a result 
of analysis of lUS baselines with climates similar to Washington, D.C. The 
effect of alternate climates on the performance of water storage systems was 
assessed through the use of load profiles for a similar (but not identical) 
1000-Unit Apartment in Houston, Texas, and Minneapolis, Minnesota. Since 
the profiles for identical community models were not available, direct site- 
to-site comparisons to the Washington, D.C. case are not possible. The re- 
sulting trends are, however, considered meaningful. 

The results of the computer runs are summarized in Table 46. The data for 
annual fuel consumption are of particular interest and the results indicate 
that a water storage system will reduce energy consxmiption for a 1000-Unit 
Apartment located in Minneapolis by about 3 percent but will slightly increase 
the energy consumption of a Houston installation. This result is as expected 
since the Houston lUS no-storage baseline does not require auxiliary heating on 
winter average days and only a small amount is required on winter design days. 

It is apparent that storage for the Houston lUS will only be useful as a 
result of the replacement of generating capacity which would otherwise be 
necessary to satisfy peak cooling demands during the summer months. 

The economics of water storage systems were examined for both Minneapolis and 
Houston lUS installations and the results are summarized in Tables 47 and 48, 
respectively. The analysis shows that water storage systems will be economically 
profitable in both locations but the profitability will be greater for the 
Minneapolis installation due to the added benefit of substantial fuel savings 
coupled with a slightly smaller storage requirement-. 

It should be pointed out that, in order to be consistent with other storage 
cases, the economic data for the Minneapolis case include a credit for re- 
placement of auxiliary boilers. It may, however, be desirable to retain some 
boilers since the storage system (which has been sized based on the summer 
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TABLE 46. SUMMARY OF PERFORMANCE AND CAPACITIES FOR 1000-UNIT APARTMENT 
lUS IN ALTERNATE CLIMATES 


Item 

Minneapolis 

Houston 

Annual fuel consumption, 



(thousands of gallons) 

No-storage 

3217 

3399 

(850) 

(898) 

Water-storage 

3111 

3410 


(822) 

(901) 

Cold storage required, GJ 

36.5 

44.7 

(ton-hours) 

(2880) 

(3531) 

Heat storage required, GJ 

113 

13 

(millions of Btu) 

(107) 

(12) 

Compression chiller capacity. Tons 

No-storage 

662 

751 

Water- storage 

700 

850 


(a) Four, 478-kw generator sets assumed for storage cases. 
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(a) Case A - 7-1/2 percent per year discount rate, no fuel escalation. 

Case B - 15 percent per, year discount rate, no fuel escalation. 

Case C - 7-1/2 percent per year discount rate, 5 percent per year fuel escalation. 
Case D - 15 percent per year discount rate, 5 percent per year fuel escalation. 

Cb) iwo generators replaced. 
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design day requirements) will satisfy the heating load for only about 2 conse- 
qutive winter design days. Retaining all of the auxiliary boilers would increase 
the net relative cost of the Minneapolis system slightly. 


Table 49 presents a summary of the assessment criteria scores for the water 
storage systems in Minneapolis and Houston, The results demonstrate that a 
Minneapolis installation will be preferred over a Houston water storage in- 
stallation. For the Houston case, it appears that the advantages of reduced 
net relative cost are offset by reduced hardware availability, energy storage 
density, expansion capability, and transportability and that water storage 
systems should not be recommended for a Houston location. 
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TABLE 49. SUMMARY OF SCORING FOR WATER-STORAGE SYSTEMS 
IN ALTERNATE CLIMATES 


Criteria 

Weight 

No-Storage 

Minneapolis 

Houston 

Net Relative Cost 

2.0 

5 

8 

7 

Relative Fine Utilization 

1.4 

5 

8 

5 

Safety 

1.2 

5 

5 

5 

Avai lab il ity /Rel iab i lity/ 
Maintainability 

1.1 

5 

5 

5 

Hardware Availability 

1.1 

5 

4 

4 ■ 

Environmental Concerns 

0.8 

5 

5 

5 

Energy Storage Density 

0.6 

5 

2 

2 

Expans ion capab ility 

0.6 

5 

3 

3 

Transportab ility 

0.2 

5 

3 

3 

Total Raw Score 


45 

43 

39 

Total Weighted Score 


45 

50.7 

44.5 
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APPENDIX A 


PROCEDURE FOR COMPARATIVE ECONOMIC ASSESSMENT 
OF ALTERNATIVE STORAGE METHODS 


The economic profitability of energy storage devices imbedded in lUS is deter- 
mined by calculation of the net relative cost of the storage device. Net 
relative cost is defined as the ratio of the life cycle cost of the lUS with 
energy storage to the life cycle cost of the no-storage lUS option. This may 
be expressed in equation form as 

NRC = (LCIUS + AES)/LCIUS 

where 

NRC = Net Relative Cost 
LCIUS = Life cycle cost of no-storage lUS 
■ AES = Incremental life cycle cost due to the addition of 
energy storage to the no- storage lUS. 

This equation reduces to . 

NRC = 1 + AES/LCIUS 
where the symbols are defined as before. 

Although the absolute economic profitability of energy storage systems can be 
determined from the calculation of AES alone, it was felt that this number 
would not be meaningful unless compared to the costs of the entire IDS, Net 
relative cost was therefore defined in an attempt to normalize the economic 
profitability of energy storage devices. 

Assumptions 

The .assumptions- which were utilized in carrying out the- -economic comparisons 
are summarized below. 

(1) The analysis was carried out in constant 1975 
dollars 
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(2) All costs were adjusted to effective prices for July, 

1975 

(3) Labor rates for Washington, ,D.C. area were used 
where applicable 

(4) Discount rates of 7.5 and 15. percent were used 
for the present value analysis 

(5) A twenty year life was assumed for lUS 

(6) Fuel price (No. 2 Diesel) was assumed to be 36<?/ 
gallon 

. (7) Fuel price escalation of 0 and 5 percent per year 
(8) Taxation effects were not considered. 

A number of these assumptions will be discussed in further detail in the fol- 
^ ' 

lowing . sections. 

Inflation 

The results of a present value analysis are not affected by inflation so long 
as all costs are subject to the same inflation rate. Since it was not reasonable 
to predict different inflation rates for the different lUS cost elements over 
the assumed 20 year lUS lifetime, an inflation rate of zero was assumed for all 
costs addressed with the exception of the fuel costs. Fuel price is addressed 
in greater detail in the next section. 

Fuel Price 

Both lUS baselines considered in this study utilized No. 2 diesel fuel. The 
cost of the fuel is, of course, an inportant parameter in carrying out' the 
economic assessment of alternative energy storage systems. Projections of fuel 
price increases over the assumed 20 year lUS life are highly speculative as 
petroleum prices will continue to be strongly Influenced by political considera- 
tions, and unforeseen political decisions could significantly alter any assumed 
scenario. Preliminary studies indicate, howeyer, that the wholesale price of 
fuel 611 in constant 1975 dollars can be expected to increase from a present 
cost of about . 29.6'/ gal to 366/gal. by 1979. In an attempt to bracket the effect 
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of possible fuel price increases after this date, fuel price escalation rates 
of 0 and 5 percent per year were assumed. It should be pointed out that (since 
the analysis is carried out in constant 1975 dollars) these escalation rates 
correspond to current price increases of to 0 and 5 percent above the 
general inflation rate. 

Taxation 


The tax status of lUS installations has not been clearly defined. Early 
installations will be of a demonstration nature and will probably be funded 
through government agencies. It is hoped, however, that lUS x>rill eventually 
become a private operation subject to taxation by local, state, and federal 
governments. The difficult question of tax status was- not treated in this 
study and the economic conqiarisons are considered to be before taxes. 

Present Worth Factors 


The present value analysis procedure utilized in this study converts all of 
the costs of a system over the assumed 20 year life to an equivalent cost at 
the time of installation through the use of present worth factors. This can 
be expressed via the equation 


Net Presentj 
•' Value of r 
^Method A J 


where 

An = net cost for period, n 
i = discount rate 
L = life of project 
n •• period. 


= 


If costs or benefits are uniform over the life of the project, uniform series 
present value factors may be used. 
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1 


Present* 


Net 
Value of 
Uniform 
Series 


I 


A 


(1-Hi)^ - 
i (l+i)L 


where i and L are as before and 

I 

I 

A = annual net cost assumed to be uniform over the life 
of the project. 


If costs or benefits are assumed to increase at a uniform rate over the life 
of the project (e.g. , fuel costs), the following equation may be used. 


Net Present 
Value of 
- Uniform 
' Gradient 
Series 


Ao 


1 

l+i 


. 1-X^ 

‘‘1-X 


■) 


where i and L are as before and 



r = escalation -rate 

Ao net cost subject to escalation for first year of project. 


The series present value factors utilized in this study are summarized in Table 
A-1. 


Baseline lUS Costs 

The life cycle costs of the lUS baselines utilized in the study (LCIUS) are 
required in order to calculate the net relative cost of the energy storage 
systems under consideration. These costs were taken from References l^^and 2 
and were adjusted (using the Wholesale Price Index) to 1975 levels. In addition, 
fuel costs were adjusted to reflect the assumed 36c/gallon fuel price. Table 
A-2 summarizes the data utilized. It should be pointed out that the costs for 
the Village Complex were assumed to be one eighth of the costs for the "Option . 
II" costs reported in Reference 2, Option II consists of 7 Village Complex 
lUS installations and a Central Business District lUS. The error introduced 
.by the approximation is thought to be well within the accuracy of the cost 
estimates. 
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TABLE A-1. SERIES PRESENT WORTH FACTORS USED IN 
COMPARATIVE ECONOMIC ASSESSMNT 


Discount Rate, percent 

Escalation Rate, percent 

Present Worth 

Factor(s) 

7.5 

0 

10.194 

15.0 

0 

6.259 

7.5 

5 " ~ 

15.015 

15.0 

5 

8.379 


(a) 20 year life assumed 





TABLE A~2. COST INFORMATION FOR lUS BASELINES 


Item 

1000-Unit Apartment 

Village Complex 

Capital Cost, $ 

2,708,000 

29,870,000^^^ 

Fuel and Lube Cost, $/yr 

214,000^^^ 

627,000^^^ 

Other O&M Costs, $/yr 

221,000^®^ 

979,000^^^ 

Capital Cost, 1975 $ 

3,141,000 

39,692,000 

Fuel and Lube, 1975 $/yr 

315,000 

921,000 

Other O&M Costs, 1975 $/yr 

256,000 

1,301,000 

Life Cycle Cost,^^^ Millions of $ 

8.96 

62.3 

Life Cycle Cost,^'^^ Millions of $ 

6.71 

53.6 

Life Cycle Cost,^^^ Millions of $ 

10.5 

66.8 

Life Cycle Cost,^^^ Millions of $ 

7.38 

55.8 


(a) 

Reported in Reference 1, 

» 





(b) 

Reported in Reference 2 

and 

adjusted, 




(c) 

Fuel 

escalation 

rate 

of 

0%, 

Discount 

rate 

or 

7.5%. 

(d) 

Fuel 

escalation 

rate 

of 

0%, 

Discount 

rate 

of 

15%. 

(e) 

Fuel 

escalation 

rate 

of 

5%, 

Discount 

ra te 

of 

7.5%. 

(f) 

Fuel 

escalation 

rate 

of 

5%, 

Discount 

rate 

of 

15%. 
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Energy Storage System Costs 


The absolute economic profitability (AES) of the alternative energy storage 
devices is calculated on an incremental basis. That is, the costs associated 
with an energy storage device are treated as net costs and are computed by 
taking credit for fuel savings and equipment reduction relative to the baseline 
no-storage system. The factors which are included in the calculation are all 
discounted to the installation date and are defined below: 

(1) First Cost - those costs which are associated with 
installation and startup of the energy storage system 
including capital equipment land, construction and 
one time startup costs. 

(2) Fuel Costs - Net cost of the fuel consumed by the lUS 
system with energy storage relative to the no-storage 
baseline. 

(3) Other O&M Costs - Net cost of operation and maintenance 
of the energy storage system excluding fuel costs. 

(4) Replacement Costs - Net cost of replacing unusable 
equipment at a specified future date. 

(5) Salvage Value - Net credit received due to the disposal 
of equipment at the end of the assumed economic lifetime. 

Since the calculation of AES Involves taking appropriate credits for equipment 
replaced, the costs of this equipment must be estimated. The following cost 
estimates were used for this study. 

Diesel generator sets 

1000-Unit Apartment (478 kw) - $108,000 each 
Village Complex (4415 kw) - $768,200 each 
-Auxiliary boilers 

1000-Unit Apartment (250 hp) - $24,200 each 
Village Complex (500 hp) - $37,000 each. 
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Example Calculation 

To illustrate the procedure utilized in calculating the net relative cost of 
an energy storage device, a numerical example is presented below. The case 
examined is for a water storage system for application to the 1000-Unit 
Apartment lUS. Appropriate cost data for this case are as follows; 

Installed cost of storage system - $154,000 
Credit for generator sets replaced - $216,000 
Credit for auxiliary boilers replaced - $48,400 
Annual fuel savings - $7,200 
Net salvage value - ~0 

Net other O&M costs - ~0, 

The net first costs (NFC) are calculated as 

NFC = $154,000 - $216,000 - $48,400 = -$110,400 

The negative sign indicates that there is a net savings in first costs due to 
the installation of water storage. 

The fuel costs (FC) must be discounted to th e Ins tallation date using appro- 
priate series present worth factors. 

FC (7.5% discount, 0% escalation) = -7,200.(10.194) = -$73,400 
FC (15%, 0%) “ -7,200 (6.259) = -$45,060 
FC (7.5%, 5%) = -7,200 (15,015) = -$108,100 
FC (15%, 5%) = -7,200 (8.379) = -$60,330. 

Again, the negative sign Indicates a net savings due to the energy storage 
device. Since there are no replacement costs associated with the water storage 
system (20 year life expected) and the net O&M and salvage values have been 
assumed to be zero, AES- may be calculated as 

AES = NFC + FC 


or 
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AES (7.5% discount, 0% escalation) = <-110,400 -73,400 

= -183,800 

AES (15%, 0%) » -110,400 - 45,060 = -155,460 
AES (7.5%, 5%) = -.110,400 - 108,100 = -218,500 
AES (15%, 5%) = -110,400 - 60,330 = -170,730. 

The net relative cost is then calculated as 

NRC = 1 + AES/LCIUS 
or 

NRC (7.5% discount, 0% escalation) = 1 - 183.8/8,960 

= 0.979 

NRC (15%, 0%) .= 1 - 155.5/6,710 = 0.977 
NRC (7.5%, 5%) = 1 - 218.5/10,500 “ 0.979 
NRC (15%, 5%) = 1 - 170.7/7,380 = 0.977. 

It should be noted that, although the absolute profitability (AES) for the 
system varies considerably for the different discount and escalation rates, 
the net relative costs vary only .slightly. This is because the assumed dis- 
count and escalation rates also affect the life cycle cost of the baseline 
system (LCIUS) in a similar manner and variations tend to cancel. Thus, net 
relative cost appears to be somewhat insensitive to discount rate and fuel 
escalation assumptions. 
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DESCRIPTION AND LISTING OP THE IDS SItflJLATION 
COMPUTER PROGRAI4 

The purpose of the lUS simulation computer program lUSMOD is to enable the 
comparison of alternative energy storage devices on the common basis of annual 
energy consumption of lUS/energy storage configurations. In addition, the 
program allows the determination of the capacities of lUS equipment (including 
energy storage equipment) required to satisfy input load profiles. The program 
lUSMOD, which is written in PORTRAIT, is basically a modification of the ESOP 
computer program utilized by NASA-JSC. It calculates the fuel required by 
prime movers and auxiliary boilers to supply the electrical, space heating, 
space cooling, and water heating requirements of the baseline .communities. The 
program in its current form, lUSMOD, treats heat storage, cold storage, and 
electrical storage. 

Input required by the program includes the hour-by-hour demand profiles for 
hot water heating, space heating, space cooling, and electricity. The perfor- 
mance parameters for the various lUS components (boilers, chillers, etc.) are 
also input, as well as appropriate flags which describe the case being run. 
Program output consists of the calculated fuel utilization, generator output, 
chiller output, waste heat recovered, and energy flow to and from storage for 
each hour of the period under consideration. 

The program is a relatively simple analytical tool intended for preliminary 
sizing of storage schemes and rough estimates of annual fuel consumption of 
alternative lUS designs. Results of the program appear to agree reasonably 
well with output from the ESOP program when similar input data are used. 

Program Description 

The Integrated Utility System Simulation program, lUSMOD, developed in this 
study contains a main program, BIUSS, which reads input data, prints results, 
and controls the logic flow. BIUSS is modular in nature with different sections 
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of the main program devoted to performing the calculations required for dif- • 
ferent energy storage arrangements. Currently the BIUSS program will treat any 
one of four configurations depending on the value. of the input flag MODESTO. 
Included are the no-storage configuration (MODESTO =1), thermal storage 
(MODESTO = 2), electrical storage to match thermal demands (MODESTO = 3), and 
electrical storage for peak shaving (MODESTO =4). 

The main program- calls the subroutine HEAT, which calculates the excess heat 
available or the .auxiliary heat, required after satisfying space heating and 
domestic hot water heating loads. HEAT, in turn, calls the subroutine GENRAT 
which calculates the fuel consumption and the quantities of high and low grade 
heat production of the prime movers given the electrical demand. GENMT 
utilizes data which is contained in the block data routine GENDATA. Subroutine 
ELECSTO calculates the energy flow to and from electrical storage systems 
taking into account charging, standby, and discharging inefficiencies. 
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PilDGRAM 3'lOSSaH»UT,OUrPUTfTAPEl.TAPE60BiN'PUir 

j ^ 

» 3ATT-LL E * 

• INTEGRATED * ’ 

•jriLITT * 

•STSTEH * 

» SrHULATI_0 M._* 

« ***» **»**•*♦ 

= PROGRAM BIUSS SIMULATES iTTr'CENERATION OF P3WSR ~AMO THE 

PRODUCTION OF HEATING, COOLING, AND HOT HATER TO, SATISFY 

THE' on LI rv ‘MEEDS 3F LARGE RESIDENTIAL OMITS OR SHALL TOWNS, 


= " MAIN INPUT DATA RE0JIRE07. 

ITITLl = 03 CHAR. TITLE OF SIMULATI ON RUN 

MODESTO = TYP'E bF’ STORAGE TO OE’ USED 

IGEN s TYPE OF GENERATOR TO 3E USED _ , 

NUM6EN = MAXIMUM NO. OF GENERATORS TO BE USED 

FV = FUEL HEATING VALUE _ „ TBTO/CAU,. 

“ ■ BEFF = 33ILER EFFICIENCY 

COFA = COEF" 0- P£RFORHAH3E_ OF_ABSORPTX^ 

C'OFC = COEF" 'b= PERFORHANCr'OF COMPRESSION A/C 

TLO _ = TEMP OF RECOVEREQ LOH-GR'ADE MEAT _ tF3 

THOT = TEMP OF DOMESTIC HOT HATER SUPPLY (F) 

THS _= TEMP OF SUPPLY HATER J 

IDAY ■ = DAY NUM3ER TO OR 1 'MEAN NO PREVIOUS DAYSl 

ISESON = SEASON -LAG tl-WIN, E-SPR, 3-SJM, 4-AUTJ 

i" = data flag "[7ER0 0R BLANK, READ NEH DA'TA - 

I 1, USE OLD DATAl _ _ 


"ITITL2 ■= 63 CHAR. DESCRIPTION OF SIMULATION DAY 

OHHO = hourly domestic HOT HATER OEMANO (BTU/HRI, 

SHETO = HOURLY SPACE HEATING DEMAND ‘ (BTU/HRi 

TONO = HOURLY AIR CONDITIONING DEMANO (TONS* 

D'CKH 5"TnURLY"' DOME STIC ELECTRICAL Dt.MANQ CKHT 

AUXKH = HOURLY AUXILIARY ELECTRICAL DEMAND «KWJ 

" OQRCV ■= HOURLY DTHER HEAT RECOV t INCI NE RATION j“t3TU/HR> 

= ^EXTRA INPurOATA FOR THERMAL STORAGE lMUOESTO = £i 

STOMAXH : MAX. STORAGE CAPACITY - HOT HATER ^TU) 

STOMA'xT = 'max'.' STORAGE CAPACITY'- COUO'hATER (T‘ON*‘HRr 

QINTAXH = MAX. STORAGE INPUT RATE - HOT HATER __ IBTU/HRI 

QOTHAXM = MAX. STORAGE OUTPUT RATE - HOT HATER ' (BTU/HRI 

TNINMAX : MAX. STORAGE INPUT RATE - COLO HATER (TONSI 

tNOTMAX = MAX. STORAGE OUTPUT RATE - CO.O HATER ' (TONS) 

TONCHAX = MAX, OA’AOITY OF COMPRESSION A /S _ (TONS^ 


PCTIFIL : >£POiNT "CAPACITY FILLED AT SIMULATION ST'ART 
PCTLSTH : PERCENT CAPACITY LOST DURING M3UR - HOT 
BCTLSTC = PERCENT CAPACITY LOST DURING HOUR - COLO 

s""EXTRA INPUT DATA FOR ELECTRICAL STORAGE tMOOESrO=31 

SEOHAXC = MAX, STORAGE CHARGE RATE UMI 

SeiiMAXO ~MA‘X. STORACE”DISCHARGE RATE' “ "(KH)' 
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STKHMAX = MAX. ST3RAGE CAPA5ITV 

STPCIN = PERCENT CAPACITY CHAPGEO AT START 

■"EFFCHG”'= efficiency of charging 

tFFSNY = EFFICIESCY OF STAN0-6Y 
EFFOIS = nFFIS'lENCY 'OF Dl'SCriARGE 

“EXTRA INWT OATA FOR" CONST,' LOAD ELECT .“SI OR.' 

•*» USE SAME AS fq:} MOOEStO^S PLUSX _ _ 

■GENAVG'“=' Av'tRACi “OUTPUT OF GENERATORS" 


IHOOESTO=4I 


OTHER IMPORTANT VARIAQLES IN PROGRAHY. 

__ BFUcL = BOILER FUEL USAGE ' IGAL/HR) 

"CEO -= COMPRESSION A/C ELECTRICAL OENAMD " ' ' " (KH) 

PaO _ = OOMtSTi; * AUXIL ELECTRICAL OEMANO (RW) 

'GrhKW ■'=-pRIM£ MOVER ELECTRICAL OUTPUT ' ' (KH)' 

HRE = HEAT RATE OF PRIME HOVER (BTU/KHHJ 

OILC(i ■= UOH-3'R'ATrHEV.T' RECO'VERED"'' ‘ 16,TU/HR>‘ 

_PHFU£L = PRIME MOVER FUEL USAGE (GAL/HR) 

PMORCV“= HIGH-GRADE HEAT RECOV FROM GENERATOR'”" tBTU/HR) 
QAA3S = HEAT AVAILABLE FOR ABS A/C IRTU/HR) 

“■■QACS ■"= HIGH-GRAOE HEAT USED FOR ABS A/C "(BTU/HRI 

Q80IL = HEAT FROM BOILER' tSTU/HP) 

'QHH/iO =“HOf /A'TEft'"DEMA'ND"'H0T'"MET"3Y L-C" HE'AT (BTU/HR)' 
_ QOILA = LOK-GRAOE RtCOV HEAT NOT UTILIZED (BTU/HRI 

“QOILW = LOW-GRAOt RECOV HEAT USED FOR DOMESTIC' 

HOT hater and space HEATING (BTU/HR) 

QHSTO'~'= HEAT HASTED - • (gj^/HR) 

SEO = STORAGE ELECTRICAL DEMAND (KH) 

STKii" = tMSRGY"lN ELECTRICAL STORAGE ' ”<KH)' 

STO = energy in thermal storage summer- (TONS) 

OTHER SEAS- (BTU/HR)' 
_ TONA _ ^ABSORPTION AIR CONDITIONING _ ' _ (TONS) 

“rONC COMPRESSION AIR CONDITIONING (TONS) 

T(3RCV = total HIGH-GRADE HEAT RECOVERED (BTU/HR) 


= WRITTEN BY C. P. CRALL AND H. R. NEALE 


CO'IHON /IN/ STO(»S) ,O0OIL(24» ,QAAnS(24) .0aRCV(24),3HHD(2i*) , 

1 a'Trfun2E'irT^OTL'Tn'?-r;>'foRCY'( z'l* ao fE4);'TQRC ^ CEiTf^'QAB's^z'i.y; 

$ QHSTat2At,0I.CQ(2<.) , PM^UEL ( 24 ) , BFUE L (2i» ) , CEO( 24 ) , OEO(24) , 
t ' TOMA (2 4) ,T0NC(24) , TONO ( 24 ) , SHETO 1 24 ) , HRE ( 2 4) , AU XKH ( 24 ) ,D£KH(2ii)~ 
J ,GENKHt24) , SEO (241 ,TLO, T HOT , THS 

“'COMMON /MISC/ f;,o£FF,COPA ,C0PC. OBFUEL , DPHFUEL.O TONA , DTONC.OCEO,' 

* OG^NKH, DTO RCV, OOM STO, S r UMAX H, STOMA XCtQINMAXH.JOTM A XH.TNINMAX, 

t TKOTR'Ax'.TOKCRA'JaPrTIFir.'PCTLSTH.PCTLSTC — 

COMMON /INCEN/ GRL, I GEN, NUMGEN ,NG (24) 

CO(MOr /SPLCS/ PSftX( IT) ,HATUY (11) ,EXY ( 131 .RADY (13) ,3HPX(13), 

I DHPY(i 3| ,E3Ytl3),LHVYa3) ,BriPT(13) ,P.ADT (13) , i XH Tt 1 3) , KWLOAO (1 31 
S ,FUCO(|{l3),3HBFC(13), JN3EX(13) ,&N3HH(13) ,OFCONY(13) ,ORCY(13), 

$ LOY(13) .ITFCONUJ) ,BTE<HT (13) ,HAUK (13 ) .MAUKORdS) , HAUKL0U3) , 

N0FC0N(13» ,NBiXT(131 ,N3HUtl3) , NOLO ( 13 » , NBCFC( 13 ) , NBCEX (13) ", 
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tea 


185 “PINT 1925 

•90 190 1=1,24 


PRINT 1926, INUHtI>,QHHD(I>,SHETDlI),TON01I*,0£<i((I> ,AUXKHtI), 

* OQPS/(I> 


165 


9£Om = D£KMII» »AJXKH m 
196 SONTINDi 
" ORFUELsC.O 

9“NPll£L=i,.6 

9TONA=u.O 

9TDNC=:.0 


173 


175 


C • * 


5Cin=c..c 

06iNKW=C.O 

9T9RCV=a.O 

•DOHSTn=l.a 

"50 TO <2a0,"4y3,6Xa,70UTf~H?C£ST'?r 


T • « • « 


* ♦ • * • 


# • « « 


"NO PNER'5TTT3^TJ5“o!>'rT9N tMO'OlSTO^ 


IBS 


236 “PINT 1950 , ITITL 2 
“PINT 1951 
205 DO 3 uC 1 = 1,24 
3 " 3 (I) = 0.0 


W 

I 

(O' 


185 


19j 


3£3 010 = 0 ,0 

C CAlCULAri GENERATOR LOADS ANO A/ AIL.A0LE_A3SDRPTION A/C_ 

5£-^KMtI) = 0£nm 

OALl HEATIIJ 

TO'lAA=QAAnSlI)*C3PA/l2Td0'. 0 

TONN£r=rON9(Il-TONAA 

IP ■(TcnN£0“C£'.~TVi5'i !T3nr'STr?'B 

C IF A-3S A/C IS INSJFFICI'NT, FIND ITERATIVE SOLUTION TO 

'6.'. CO-IP A/I, StNERAICR LOAbS; A*NO"*ABS A/C 3ACANCE 

C£9[ I)=T0NN£0/C0PC*3.515 I 

IT£==1 • • 

210 3£N><Ha> = O£0tIIf:£0< I) 


195 


^ATrH£AT'(lT' 

TONG m=cen(l>*50rc/3.515 

9ATS a»=QAA3StI) 

TOMA m=QAnsai»:oPA/l211B).0 
9£LTA=TOND(U-<r3NAtIIH0'lC'»lTT 
IP (APSIOELTAJ ,.T. i.C) GO TO 26D 


2DI 


205 


210 


1 FTCjF Cr'Al "2'3 3','2's J 72‘4T 
23J :£3NFH=C£0(II-C.3»A3StIcDt IJ-CEDOLO) 

■■■ CP90L0=C£D(I) ■ 

lint n=i£nNcH 

GO TO 253 ‘ 

244 3£3MPH=C£nCIH-D.5*AGS«CPDt I>-C£DOLO) 

y£TCLD=c£d(rr 

CF 9 (n=C£ 0 N£H 
'2Su IT£0=U-R»1 

IF IITP0.LL.25) GO TO 213 

PRINT 1991, l,0£LTA;C£30L3,3EDNiM;T0HC'(ir 

GO TO ISO 


T n ( T)=Qoirr(T)“ 
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ABS A/C ts S UFFI3 t E.*tT» CA LCUL ATE_HEftT_ MBSTED 

'rO^M'l» = fONOtI> 

TO'ic a>=j._fl 

■~TA3S (ll=TONAri>/:OPA*12 0B5 tS 

Q4STO(T) = OAAOS(I>-QAnSlI)»OOILA<l_) 

CALCULATE POEL USAGE AND DAILY TOTALS 

I ?UFUEL tH=HR£tI>»GEMKHtI) TFV 

■ 3FJ£L(:>=OBOIUm/tF/*B£F?l 

OP'1FUcL = OPMFUELH'«FUE^I* — 

“■•DT 3 ^i'A = 0‘T btlA +t ONA ( II" 

0T3NC=3T0MC+T0NCtH 

'■DCE0=fCE0»C£O<n 

D3£tlK«''=DG£^!'<W^GE'^'<H^ II 

" DT3SCV=3TQACY+Tq?CV(ir" 

IF (hpncSTO.ST. U G O TO 5 CjJ 

nT'>JlL=tl3ruEwTBFjEL”l II 

n0(IGTr = DaHST0»QK3T0<I> _ _ 

' “PINT 1952, I.'IU'ltl) .DFUELIH fPMFUELtll ,(BFU-UI» »PMFUEL(I 
I TONAUI ,TONC(I>,CiO«U,G£NKHjJ.),TQRCVtI>,'QHSTDtI) ,NG«I 

I CONTINUE 

^I_F J HODi:STO.E 0.2> GO TO AC 5 . — 

P=InVT553’ 

“PINT 1959, OBFUEL, DPHFUE. , I DtIFUEL+OP HFU£L> , OTON A, DTONC, 0 
"t JGE'KH.OTQPC/, UaWSTD 

*?“INT 1931 

■ Cn TO lAO 


THERMAL ENERGr STORAGE OPTION (NOnESTO=2 

0 ^ ^ ^ ^ 4. If. 4- W- * * 4 4 9^ m * * 

1955i ITITLS ' 

GO TO (2U5, 205, 510,2051 I3E30N 

WINTER, SPRING, AUTUMN THOT HATER S 

““INT 1956 

"STd fiT=P'CTlFlL»sn3'T5Trt 

IF tICAY.GT.l) 3TO(l)=ST3LAST 

1L0ST=PCTLSTH*5r3MAXH 

00 460 1 = 1,24 _ . 

OTN=QV!STO lI)-OOILA(n' ' 

IF (OIN .GT. OINMAXH) QIN=alN«A)(H 

“b0jT = 0“DTL(r» 

IF (OOlIT .GT. QOTMAXH) QOUT = QOT MAXH 

3TO<Iti)=STO(lUalN-(QDUT'l-OLOST) 

IF (STOTin) .GT. STOMAXrt) GO TO 42# 

IF tSTOU+ll .LT. 0.0) 33 TO 435 

awSTDm=OMGTD(II-OIN 

5TL i I )■ “OBOlL 1 1 )■ -tiOUT” 

GO TO 45fl ; 

STOtl^ll =STOMAXH 

QH=STOHAXh-STOtI> _ 

OH3TD(I) = nHST0ai-QIN 

GO 3 1 L 1 1 ) = OP.OI UI) -QOUT 

■ GO 'TO i5S“ 
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i»35 STOJI*lJ = j.O 
f)OUT=ETOtI1 
tlH5TOlI) = 'JHSTOtII -HIM 
Qi^ 3 IL(I>gQ 9 QIL(I>-aOUT 


27J 


275 


i»Sa 9<HSTP=OQHSTO*QWSTO(I> 

9 '^JEL(I)=QP 0 I-CI>/(FV »SEFF> 

19'^UEL=OBFUEL«-'3FJEU I) 

ORINT 1957 , INll'm»,BFU£UII,PHFU£HIt,T 0 MAtn,T 3 NCtn,CEptIL' 

” " I ' CcNKrf(I),TaRC#(il,QrtSTDlI>,STCmtlt,NGaj 

460 OO'lTIHUi 
32INT 1950 


260 


=».INT ,1959, a3FUEL,OPMFU£i.,OrONA,OTONC,DCE(1,DGE'KH,3TQRC V,OQ«STO_ 
=>=INT 1931 ' 

»R1NT 190 2 _ _ _ _ • _ 

■3T31AST=ST0(25)' “ “ 

GO TO 143 ■ 

SUHKtR 


285 


500 o^INT 1960 

■■ ST')U)=PCTIFlL’StOMAxC;' 

IT (IOAY,r,T.i> ST0C1)=ST3LAST 

00 59t 1=1,24 ' 

ITERir 


293 


3 EOOLf'= 0.3 

G£OfU=TONC1AX/C3PC*3.513 

'C.'. i FIND ITERATIVE SOUUflOh TO' C'OHP'A/rt 'GEUERATOR UO'AOST ANlT' 

C ABS A/C BALANCE 

510 G5:JKW(II=CtO(I) ♦JEOtl) '' '' '■ 

IF IGc'<<mi) .LE. (GRLTNJRGEVn GO TO 515 


295 


I 


GE'KH«I> = GFL»N'J,^3EN 
IF <DEo«n ,gt. gen<w(I)» genkh(I)=oeo(I) 
3:.D tn=GENKH(n-:EnU» “ 

IF (CEOm ,LT. l.ul 3E3(I>=0.0 
515 TALL HEAT (II ' 

TPRA (I>=QAABS(H »COOA/1 243 t. 0 


300 


305 


310 


"TCNC ( I'l =C E0TIT»'C3PC/' i~. 3 13^ 

IT (ITtR.GT.OJ 30 TO 550 

"CV.V calculate energy TLOrf INTO/OUf OF'ST'ORAS'E 

TO JIN=T0NAI n fTJVCtl t-T0N3 111 

IT (TOI.IN ,GT, T'IINHAX) TONISsTNIN'iAX" " 

IT (TCHIN ,LT. (-TNOTHAX)I tohin=-tnothax 

3 T 0 ( I ii I hst Of r> V r ow n-p ct:gtc*’st omwd 

IF (STOdfll ,LT. 0,3) 3D TO 540 

IF (STOtI + 1) ,IE. STOHAXDI SO TO 550 t: 

TO.SI N=9TOMAXC-STD (I) 

" 3TDII»l> = STO(I)*TONIM-PiT:STC*STOHAXC I ' 

GO TO 553 

— sr^jirros i k=-s t o fi> r 

STon*i»=o.o 


550 


313 


IF (CIOIII .LE. l.O) GO TO 570 
DTLfA = TOMi)(I» 4 TOSIN-(TDNA« I) 4 T 0 NC (ID 
IF (APSIOElTAI ■.lT." 2 . 0 ) ■ GO TO 583 ~‘" 
IF iniLtA) 555 , 534,560 


■??rT:EDNEt( 6 ;£o ( i> -c; 3 »A 3 S'(TETrrir-CE 3 CfLTn~ 
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zza 


335 


330 


335 


349 


W '345 

VO 


.353 


355 


.. 35 ? 


^65 


379 


5E30Ln=0lDni 

CED t n =C£D K‘EH 

"GO "TO 565 

560 ~rJNCH=C£0(l» »0.5*AB SI3£O< H -CEDOLO) 

GifTOLraCt 0 ( f» 

3ED « I) =cenN£M 

56S"IF (CfUll .UT. 3.tl» CtOCDsO.O 

■ ■ IT£R = lTjRfl _ _ _ 

IF tITrR.Lt.25r"“G'0”TO 51'J' 

»RINT 'i991. 2 .delt a, CED0l 3 «e£DNEH»T0NIN 

"" ^GO 'TO'15'3 

570 TONAlDiTONOmHONIH 

::"<5fli)S(n5TONAa)/;oPA*i2ja3.a' 

OMSTn'<I»=OAAGS<I)-aABS«ll 

IFtQHGTDt I) .GT.-l.) GO TO 

POINT 1995, QWSTDII) 

^ GO" f d "iso" 

575 0''(3TC(I»=QWSTO<II LOOILA (II 

TONini=U.t 

S~Dll> = I..3. _ 

■■ GO TO 5B5 

580 0«ST0‘m=00ILAII> 

585 “H-UFL (iT=HRE (I> »GENKW(I) /FV 

T‘^JEL(n’^QUOIL(I>/fFV*BEFFJ 

J9-0EL=05FUEL»BPJEHI» 

03'1FU?L = 0“MFU£L«-’M^U£UII 

‘ 0TdnA=3TCNA«-T0NA<H 

. TT3NC=nT0NCH0NCm 

■9:£D=>cELiVcEntiT 

OG£NKV!=DGfcN<W+GENKHIII 

■■ "■ ■ oTORCV-nTQfiCVfTORCVlI)' 

TOVtSTn=OOWETDtQWSTOt I> _ 

point 1961, INU8tII,OFUEL(lV,>MFoeLTl)';iONA<I),rONC{!l,CEOa), 

I GEN<8<H ,TaRC0<It,Q>I STOlI) ,ST0H»ll,9GtH 

590 GOTTINUT 
P^INT 1958 

»<>if4T 1959, ■oaFUiL^OPHFiltL ,DTONA ,0'TONC',DCEO, DG£Nt(.( ,D TQRC V tOQHSTO 

PPINT 1931 

■ ST3LAST=STO(25» 

GO TO 140 

0 EUOTRICAL energy storage option tMODESTO=3> . . 

(;»-.,.»»».•»*♦♦•***♦*•****•*►***••*•♦ 

5JL PRINT 1965, 1TIT.2 . . . , 

»RINT 1951 

TO 680 1=1,24 

G E N KH ( n' = C PL* NUm 5£n 

GALL HEAT (H _ _ 

TONAA='JAAaS<I>*C3PA/12333.0 

DE.IA=TONO(H“TONAA 

" IF IfiELTA ,GE. C.0» GO TO 650' 

1TEP = C — 

GtNOLn = 3'uNKWn') 
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”G<;M«:Hil)=f.5*GEM3LD 

_c FINO MAX GEM OUTPJT AT WHICH ALL HASTE MEAT CAN 9E.USE0 

- 615 call HEAT in ~ ■ 

375 TC'JAA=OAA9S(I)*C3PA/12BOa, C 

OELTA=TONOCU-fONAA 

IF tAeS«OtLTAtl,J> ,LT. 1.0) 60 TO 650 , 

tDtLTA + 1,3) 620.65uV6»5 

,o2() GENNF«=GENKH<I)-3,5»A8S(3iNKH(I)-G£NOLO) _ 

36'0' ■ Gi'NOLP=3ENXHa) ' ““ 

GEMKH«T)=C£NN£W 

GO’fO'oS'j “ • 

625 5- JH£H=r.ENKHUI»3.5*A3S<CiN<HCII-GEN0Lr;) 

G£NOLO=GEMKHtt) 

3fl5 55iKHfI) = GENN'H 

630 IF (GENKHai . LT," i70) " '33 tO 6^0 

ITiPrlTERfl 

fF" t ITtR.XIiE'S )■ tra TO 611 

“PINT 1991, 3,DciTA,6EN0L3 tGcNMEH 

39'0“ ” GO TO 150 ' • ' 

690 G£NKHn>=l.C 

3A1L neATtl) “ ■■ 

QA3S (I)=ronnm/30PA*12000.0 

TOMA IDitONOff) 

395 TnNC(I)=a.C 

■■■ GO TO 663 

650 TOMA«I)=TONAA 

jj, ' TA1Sm=QAA9S(ir ■ 

I . TONC»I» = TONDm-TONAtI) 

901 iT'irO'jcVr) .Lt. S7S'f TOMCdIBO .3 I i 

^ 660 CALL f LFCST0(I,t3A¥) I . 1 _ 

■■ IF (IfAV.Gt.O) 30 TO '6'7D~ i 

=^1NT 1991, 9,DJM(9) ,GEN<M a> I 

■■■ " GO TO 150 

905 670 "MINT 1952, INUH« I) , QFUiU I) .PMFUEUI I , (8FOEL 1 1» ♦PHfUELCI) ) . 

1 T or:A ( inroNb’t lucTo fl iTiTrNKHtTi7raT?XTaT7QVr^^ ^ 

680 COHTIKJE _ 

■>PIUT 1953 - — ■ 

'■PINT 1959, 08FU£L.DPMFIJE.,tDBFU£L*aPMFUEL),DT0'lA, DTONC.OCEO, 

. ' 913 ' - B OGlNKH.OTQMCV.OaWSTD 

PPIMT 19C1 

■ ^APINT"1966 

00 69C 1=1,29 

iMUHa);(j'^(ir;5EomTSED'(ir,G£NKH<r),siKHiif ■■■ 

915 590 CONTINUE _ 

ST<WLST=$rKM(29) 

GO TC I9j 

g - v '- y - • » • " -» 9 i, » » f 

C CONSTANT LOAD EuscTRISAL ENERGY STORAGE OT>TION tM0D£ST0=9l 

,*.♦»»».**»* *-*■-*'♦•*-* » *-»—»■*-* «-«-»« »•-* 

700 oPINT 19 j8, IIITL2 

?=:«T 1951 ■ ' ' ■ 

00 760 1=1,24 

CtMKWmsGENSVG 


Oc?J 

11 

O t 
Q 

SOS 
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425 ■ ■ CALL HEATdl 

■ TONA(U=QAA0S( It*COPA/1200i.B 

TONC<i)=roNuaf-rbNA ti> 

11^ (TONCII) .62. B.J) G3 TO 720 

to'nc1i)=ij .c 

439 _TONA<I)=TONO(I) 

Tzi 9A3StH=TONA(I)/:OPA*f2 0BJ.O 

CALL ELECST[)tI,I3AY) 

IF lIOAY.Gfc^OJ JO' TO 7"4D 

=?INT 1991, 5,001(91 ,6EN<-< (I> 

TT35 ’ '5(1' t d'"i53 ■■ 

7411 PRINT 1952, INUIt I) , 6FUEL ( I) , PMPUELtl > » (3'^UEL (I» fPHFUEU 1 1 >» 

; , TOHAdl ,TO!lCa>';3EO,a*‘, G£NKH(I>",TQRCV tn,QHST3tI) ,NG(IJ 

763 CONTINUE 

■■■ • ■ PRINT 1953 

440 . PPINT 1354, OnFUSL,D FM^UEL , (3 BFU ELOPHFUtU , OTOR A, DT ONC, 0 CEO , 

t~ OGENKH ,OfORCV,OQHSTD " 

FFINT 1991 

F»INT 1966 

TT 77C 1=1,24 

445 "■ 'print- 1967, INUrt(ij,D'eO(I» ,:E0(i) ,S£0 tH,GENKH(I>,STKWa( 

7 70 CONTIF'J- 

STKHLSf^S'fKHJaA) 

50 TO 14J _ _ 

"c ■ 

__45? 9990 PRINT 1992 _ _ 

- ST3P Cl ' ■■ ■ 

■ 999S “ PINT 1993 

STOP C2 

_ • ^ ■ 9999 STOP 

.."Vss" “"c" " • . 

1600 FORMAT (8A1C» 

dSOS FOftHATdoIS) 

1310 format (8E10. 01 

i'iTT-f^RHAriTl5T5)<;ffAiT> ' 

460 1933 F0RHAT(lMl,16X/*»*»****** 7, 8 AlC ,/***•*****• F 1 

1901 FORMAT (7‘-7/7-75X7» ’"'MILLTONS QF 3TU PER HOUR/) 

1932 format (7075X7** MILLIONS 0^ 9TU7I 
■■'1905 format (1H-,4X7HDDES'T079X7I GEN 7 7X7NUMGEN712X7 FV7l‘2X 73EFF7'9X"7C0PA'7” 
r 9X7C0PC7gX7TU379X7TH0T7l9X7THS7/',6X7 (3TU/GAL) 73 8X , 3 (10X7( f) 71 / 
465 T ■7X,i5T'2r8X,'l'5)',8!f,F9.0V3('4XTF’9;3r,'3"(4X,F9;2h 

1910 F0RHAT{lH-,*,X7ST3MAX475X7sT0MAX376X7QINHAXH76X7a0THAXH77X7TNINHAX7 

I 6X7TNOTMAX75X7TCNCMAX77X7PCnFlL76X7PCTLSTH75X7P3 TLSTC7/6< 

r 7 (fTU)75X7 (TON-HOURSl 7JX7(0T'J/MR|75X7 (dTU/HRJ 71X, 3 <7X7 (TONSI 7)/ 
- I 4<3X,1P£10.3) , 3(7X,LPF6.n ,3( 8X.F5. 3) I 

470 1915 FORMAT (1H-,4X7S£3PAXC70X7 3 t3 HAXD 76X7ST KHMAX7 7X 7STPCI M77X 7EFFCHG7 7X 

f 7EFFSBr77X7iFK3TS7/7X7( <wf 7 9X7 ( KH) 7 8X7 (KHrt ) 7/ J xT F9'i 1 ,2 '( fiX^Fg'd I , 

* 4<4X,F9.3)1 

'tjnj FORMAT (7-7/7-MOJRLY INPUT DATA fqK 76A1J/1H3,10X7IGAY =715, 5X 

* 7ISiSJN =715,3X71 =7151 

475 1921 FORMAT(llX7G£NAtfJ =7F15.27 <H7I " 

1925 forhAT(1H-.15X703HcST1C H9T75X7SPACE HEA TINS 76X7 AI R CON0.78X 

» 76uMisTICT9X7AUXUIAR'YrsX707riE'R H£TT7/6l<7H5UR75if7HATE'R OE.HInO't 
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■$ 8X?OEKANO/ilxrOEHAND<8< /ELECT OEMANQ/SX /ELECT OEH AND/7 X 
t _/Rf<'0<EREU//l3X/«BT.U/HR)/9X/t9TU/HRI /lOX/tTONSI /L 2X/ ( KHJ /13X. 
t' /tKH>/12X/nTJ/HR»//) 


1926 F0R H AT(5X .A6 *6 t5 <>lP£1 2.?l > 


1956 ‘^05HATt/l“OU'T“TjT“rOS / ."B A13 »10 X /<NO STORAGE OPTI3N>/) 

1351 FORMA* tlH-,12X/QDILER/5X/’RIHE HO 7ER* 5 X/ T0TAL/7X/A 9SORPT I ON/ 3X „ _ _ 

” f /COkPRfsSIOH/’+X/ELECT for/4X/GE*IERATOR/5X/TOTAL H . G./5X/HASTEO/ 

*,85 t i,X/NO.//3X/MOj!i/lX,3(LX/FUEL PEOD/I .2I6X/AIR 30ND/I ,5X 

A/C/-»X/5£T OUTPJT/hX/MEAT RECnv/oX/HEAT/5X/G£N//7X, 

T. 3 (5X/ (GAL/HR) / 1 ,2 (8X< t rguSJ / » ,2t?X/.tKH) /> • 2 ? t OX /I ♦ I /»_/ ) 

1952 FORHAfl2XTA5t 5X',F7il’*2 (oXVF 7.“1) t lX.3 t 7X , F7 .1 ) »6X »F 7# 1 »1X t 

t 2(6X,~6PF7.3) .3X,Ii> 

— — /lt5X/ — /1X» 


L90 


495 


503 


505 


510 


1953 FORMAT (67 ,3 (5X/ — -/» , IX, 3 (5X/— - — — /I ,5X7 

7 21EX/-- /)) _ ... 

'13 54 format (2X*T0TAL/VX,F8'. l,2t 5X,FS.1»,1){,3 (6X.,F8.1I fifX, F9 ,i , IX, 

S 2 {6X,-6PFS,3>> _ _ _ . 1 

T3S5 fO?H'A* (/I OUTPUT FOR'"/, o A1 J , 10 7'/< T HERMA L ST'ORAGt OPTION>/» 

1956 FORMAT (lH*,12X/TDIL£R/5X/PkIME MOVER/ 4X/A0SORPTI OS /3X / COHPHE SSION/ 

7 LX/F^fCT FjR/,X/5EMEi<ArOR/aX/TOTAL H. C. /5 X/HA 3TEO /5X/ENEPGY IN/ 

y 4X/NO,//3X/HOJR/1X,2(4X/FUEL PE09/I ,2(6X/AIR :0ND/>,6X 

“ T /CPMP A/Cz-tX/SET OUTPUT /4X/HEAT RCCOV/6X/HEAT/7X/STORAGE/5X 
t /GFN//7X,2 (5X/ (GAL/HRl * » , 2 ( 8X / (TONS ) / 1 ,2 1 9_X/J<W 1/1 ,2 ( 1 OX / (* > / ) , 

5 lC7/(»*r//'l ” ’’ ” 

1357 format (gx , A5, 5X,F7.1 ,dX ,F7 ,1,1X, 3 (7X, F7.1) ,5X,F7.1 ,IX, 

T 3 (6X,-6PF7.31 ,4X, 131 

1958 FnsiAl (5 x,2(5X/ /1,1X,3(5X/— /} , 5X/ — /IX, 

7 2(F.X/ /I) 

19 59 format 12 X tTOTAL/,X,F8.1,5X ,Fa«l, 1X,3( 6X,F_8.1 1 tMj f ,_1X_, 

Y ■■■2 (5',-6FF8.31 1 _ - - - 

1350 F03MAT 11H-,12X/93IL£R/5X/’P>IME M 0 X/AB SORPTI ON/3 X /COHPRE 3SI0N/ 

S tX/lLECT FORZ+X/ltNERATOR/SX/TOTAL K, G. /5 X/WA ST EO /5X/ENERGY IN/ 

S 4X/M0. //3X/H0JF#ix,2 (4X/FUEL REOD/l ,2(bX/AIR C0N3/1 ,6X 

t /COMP A/C/-,7/S:T 0UTPUT/4X/HEAT RECOV/6X/HEAT/7X/STORAGE/5X 
* /r.FM//7x.?fGXf (GAL/HRl / 1.2 laX/ (TONS! /I. 2(9X/(XH)/1 ,2( IPX/ ( *>/), 


513 


r 8X/(TON-HR) //I 

1361 fo»haT(2X,A5,3X,f7.1,6X,f7.1,IX,3(7X.F7.1I ,bX,F7.1,1X, 

■ T ' 2(f-X,-6PF/,3) ,6 X,uPF7,1,4X,I3) 

1365 fopmAK/IOUTPUT F0» /, 5 A 10 ,1 3 X /< ELECT R1 CAL STORA5E OPTION>/1 

'1966 FORMAT (IHl , 12X/J0.HFST Ii/5 < /COM PRESSION /5 X/ST ORA5 E/ 5X /GENERAT 0R/4X 

7 /ENERGY IN//3X/H3UR/2X, 313X/ELEC UcMAND/l ,3X/ SE T 0UTPUT/4X 

I ‘/STORAGL//5X,1(iOX/(KWl/l ,9)(/(KM)/9X/(<Wrtl//l 
1367 FORMAT(2X,A5,7X,F7.1,2<7<,F7.1l,2(5X,F9.ll I 

196e FO^hAT(/10UTPUT for /,5A1J ,10X/<CONSTANT LOAD ELECTRICAL STORAGE / 

7 /OPTION>/1 

"'1991 FORMAT(/-« = = ==F F^;(OR — MOPE THAN 25 iTtRATIONS REQUIRED === = = // 

S 5X,!5,4<5X,1PE1C.3H 

l9^2“Ft)RMlT(/» = E==E===Sr"ERROR'lN' BUFFER-OUT OPERATION == = === ====*»“ 

525 1993 FORMAT(/-==i=E===== ERROR IN INPUT E=E = :=E5ES/1 


1995 fophAT(/-EEE=E ERROR - INSUFFICIENT COOLING CAPACITY === = = // 

t lOX/OHSTO = /1PE16.3/ 3TU/HP/1 

rnO • - 
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SU3<?OOTiNE HEATtn 


SUBROUTINE HEArnALCUUATES THE HEAT ArffrILABLE FOR ABSORPTION 
b/Z AFTER SATTSgyiNS HOT HATER AND SPACE HE ATING REaumHEJjTS. 


10 


30MH0N /IN/ STO«25>,Q33IL«2V1,QAABS(24>,OQR:V(2IO,OHWO(24>, 

■■f Q0ILM(2‘t»*0DI..A(24) ,PM3RCVt24l ,QHWA 0 {24 1 , TQP.3 <1 24 ) *QABS(2-*)» 

$ OHST3 (241 »OI. 30(2 4) t PHFUEL <24 J ,9fUEL (24 ) t CEO (24 ). 

"T TONA (24) iTONC (24) »T3NU(24)*SH£T0t24)iHRE(24)»AUXKH(24) tOERVKEA) 
_$ ,GEN<H< 24 ) »S£3( 24 ) »T L0, THOT ,T WS ! 


15 


23 


CA.L r-ENRAT (GENKR iPMQRCV.HREt I tOILCO>_. 
’TQRC V(I)=PMaRCV( I M-OQRSV ( I ) 

IF (TLO .GT. (THDT + IO.D)) 50 TO. 2D . 
■qCH<=QHH 0 (I(/(TH3T-TWS) » t T L0*1D . 0 -THS ) 

1F( 0UCQ(I) .LT.03HK) GO T3 111 

QH -» A 0 ( l')‘^ OH Wi) li )' - QC H K 

JJOXLK (I» = QCHK , 

■ nOILA(I)=OILCim)-OOILH(I) 

GO TO bD 


*25 


10 "OOILA tl)=0.d 

3HWAO(I)-GH HO(I>«OILC3(I) 
GO TO 60 

GM,IAon)=0HW3(I)-0ILC0(.I). 
tF(QMUAO(I>) 4Qf3ei3C 


20 


W 

•I 


30 OOILA(I)=0.0 
' ■ OOIUH(I)=01LCa(I) 
-,0 TO 60 


OJ 


30 


40 a>l5P=£HETD(I) btlHHAOtl) 


35 


IF(OHSP) 53.53»93 

50‘ aOlLW<I)=QHHO<II vSHETOd) I 

A 1 



aAABS(I)=TORC\MI) ' | 

3B3IL(I)=i.C 




60 


'7C 


40 


63 


4'5" 


90 


' 100 


53 


110 


ORiH=TnRCV(I) -OH()AO< H 
aNiD=SH£TO(I) -QR£M 

IF(ON‘^0) 70,73t83 

OAABS <I) =-ONEO 
_aBDIL(I) = 3.0 

goToTeo' 

aB01UI)=QNEO 

OAABSiDsu.O 

GO TO 12C 

Q»iM=TQfi:CV(I)-QN3P 

OOILWg) gQI LCO (I) 

“!iOILA(Il'=iT0 
IF(QREH) 110flBQ.103_ 
OAA3SII)=OREH 

a80IL(I)=0.0 

'GO TO 120 

OBDItm^-ORCM 

“iAAB‘S(i)"^r.'g' 
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c 

~ 5U3 ROUTINE GENRAr <KK ,QRC ,H RE, 1,0 ILCO) 



c"' 

c 

SUBROUTINE GENRAf ’CALGiLAfEsTRIHE "HO'VEli FUEL RERUiREMEMTS ANO 

WASTE HEAT RECOVERY GIVEN THE ELECTRItAL OEHANO (KH) 


5 

C 

rftXHflM /yNGRM/ r.JI ,TGrN^KJHSEN.NG(241 ... 




COMNOH /SPECS/ PiRX(13) ,HATJY113) ,EXV'<13),RAOY(l3) ,3HPXC13),' 
t 3HrV(13) ,EGY(13),LH/Y( 13) ,0HPT (13) ,RAOT(t3) ,£XHT( 13),RHL040.(13) 


IQ 


V "fFUCONda) ,BN9PC(13) , 3N3EX113) ,9:nWH(13) ,0 FCOS Y ( 13 ) , ORCY (1 3 ) , 
t 1 nvM.3 » .HTFCftM M .l) .iT-:<HT (13) . MAUX ( 13 > . WAUKOR ( 1 3) .WAUKL0113) , . 


I N3FC0N (13) ,N3£VT{ l3> .nIhJ (13) ,N9L0 1 1 3 1 1 N3CFC ( 13 >, NSCZX (13) , 

r NBrHJ(l3),NDC.0a3),F)'3F3(13) ,F*1WJ(13).F)1 lX) 13) .FdLOdS), . 

I CATS-3 (13) ,CarHG(13) .CATLO (13) ,C315FC(13I tC515LO( 13), C315iWU3) 

7; .F9f.e=X (13) ,F-Ji8L3 (13) 953HJ(13),F9GflFCtl3),‘.<^ (12) 

15 


GIMENSION KH(24),HR;(24),3lLCQ(24),aPC(24> 

REAL KHLdAD,LHVY,LOY ,N3CEX ,N9CFC , NBCLO . NSGHJ , NBEXT ,NBFCO N, NBLO , 



c 

T NBHJ.KH 


23 


'ng'I I)=KH(I)/GRL»).999 
TF (NG(I) .GT.fl) GO TO 5 


»9INT 903 , N3(I) 

ST3P 11 

5 IF («G)I) .6T. NUMGEN) NS 11) =NJMGEi;t 

•iLDAD=K^( I)/.NG(I) . . 

25 


»ERRL=GLOAO/GRL 

IP (PE-^RL .GT. 1.20) GO TO 790 


1 

c- 

~ GO TO (13, 23, 30,40, 50, 60, 70,30, 90, 100,110. 120) IGEN 
151,0 KH VORGBERG JIESEL 


)• — 

30 


lij CALL IHT£RP(P£P'X,DFCbNY,PEFRL,HREtI)) 
GALL lNTERP(P£RX,OfiCY,»ERRL,Y) 




QR:(r)=Y*NG(i)*ioooaflc, 
gall INTtRP(P£RX,LOT,P£RRw,Y) 




■ OlLCO(I)-V*N&n)*l(iDaD(i0.3 
RETURN 


35 

c- 

20 CALL INItRP(PEPX,WAUK, PERIL, Y> 


HR=(I)=Y»lCaD. 

CALL INTE<?F(PcRX,HAUKQR,PiRRL,Y) 

49 


'l«G«I) = T»NG(I)*19 3aS00.3 

call INTERP(P£RX,HAUKL0,PERRL,Y) 


OI.CO(I) = Y»NG(I) »103UOS0.3 
RETURN 


C“ 

30 GALL I>1TERP(P£PX,9H(3pC,PERRL,HRE1I)) 


45 


GALL IKTERP(PiPX,RN 3EX,PERRL,Y) 
QOG (I) =Y»NG(I>»ijJ0!iaa.D 


call INTcRP(P£RX,C<HOHH,P£RRL,V) 
3T.CC(I) = Y»NG<I) ►296i)0C9.3 



RETURN 






40 GALL 1HTe.RP<PER.X,N!)FCON,P' RRL,HRE(I)I 
GALL INIERP(P£RX,NiJiXT,P£RFL, Y) 

■* 


aoG( I) = Y»N6(I)*ll)3 0003.i 
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SUBSOUTIME SEKRftT 


34U. INTt(?PtP£RXfN3-JJ,»E«?L,X» 

SftLL IKTeRP(PERX,NBLOtPi?^L,r) 

DU.CCHU = <X*r)*M3tII*i;OJKS.O 

RETURN _ 

KS N0'R3 3E'R’6' Sli'SEL 
TALL INTERF(P£RX,NOCFC*PERkL,HRE(U I 
call INT£RP<P£RX,NnCEX,P£RRL,Y»‘ 

ORTt H=v*NGin*l)3J0D3*i) 

■ TALL IUT£RPIP£RX,NB3MJ»P£RRLtX) 

TALL TNTcRP(p:RX*NUTLO, PERPL.Y) 

~OILCQ(I} = tXvY)»-13(I)»10 30D03.0' 

RETURN 

473 KH RAIR3AN<S-H0RS£ DIESEL ‘ 

tall INTERP (P£PX, FrtSFC, PiRRL, HRE t IT ) 

TALL INTERP<pERX,FMEx,P£RRL,X» 

tall INTtRPIPEPXtFMHJ,P£RRL,Y) _ 

"TRTa) = (XfV)»uGtn»iauuoaj .0 
tall INTERFIPERX.FPLO.PERRL.YI 
0ILTCIII» = Y»MG(11 »luQi,-3 J. Q 
RETURN 

475 kh TATERPILLAP DIESEL 

tall INTERFIRERX,CATSFT*PERRL,HREII») 

"TALL INTEPFtR£fcX,CATHT,P£RPL.Yl 

D=T( i)=Y*NG(i) •laaooos . 3 

TALL INT£ftP<PiRX,CATLO,P£RRL,Y» 
OILTO<I»=Y»N3tI) »io;oc!:i). 3 
RETURN 

5Ca KW RAURiSHA TINSEL 
“tall INr£RP{Rd’xX,EGY .PERR-'.YI 
»n = GLCAD/ (Y»j .7-.b) 

»£RFl=GLOAU/(Y»GRL) 

tall THTERP(AHPX,LH;Y,P0,Y > 

Q1N=Y*F0 - - - -I 

TALL TNTERF (PERXf WAT JY , P£ i FL , PQH J ) 

■ tall' INTERP(PL=X,‘GM»Y»>ER=-L,PBHPr 
TALL IM7£RP(P£ftx,£XY»PERFL.PEX) 

TAuL INTERPtP£RX,RAaY,»£?PL.PRAOt 
=>LD= 1..3-tPOHJ*P3HP*-P£X«-PRAO) 
<=SQV.J*niN*NGtI» 

Y=A£X*CItl*NGa> 

■■ lTLCn(T)=PLO»OlN'HG(II ' 

DRT(n=XtO,55*Y 

HRifI)=OIN/KHai 

RETURN 

315 KW TATERPILLAft DIlSEL 

I TALL INTc.RF(P£RX,C315F:,PEF»L.hRE(in 
“ call INTEP.PfOERx.GSl'SErfTRESRLTY) 
DRT(I)=YYHG(I)*13jaJU0.d 
tall INTERF(?£kX,C315LCl,»ERRL,Y) 
OI-Cn<IMY»N3(I»* 10 0 003 0.3 

RETURN 

563 KW FAIROAN<S-hORSE OltSEL 

rTALL"INTERPIPERX;F96'AFi:,?rRRL',HRE(T)T~ 
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SU3ROUTINE INTER* (X, Y*XE. T E) 


SU?ROUTIN£ INTER* IS' USEO TO LINEARtT INTERPOLATE BETHEEN 
VALUES IN Tm ARRAYS TX ANO Y) TO FINO THE VALUE YE AT XE 



QTMENSION X(131,Y«13) 

■lP(XE.'‘-£.X(in GD TO 2 

POINT 99 _ _ 

' Ve=o.c 

GO TO 7 . 

J = 

_TF (XF-X( 

i=J+l 

IF(J.L£^13) Gq_T3_3 ■ 

Ve^VIJ) 

30 TO 7 


VE = V (J-11 + (Y(J>-Y(J-1M /U U)-X{J-1I» *<XE-X(J-1M 
RETURN ■ 


FORMAT (/-♦*•»• T-tE INQEPEXDEMT VARIABLE IS OUT OF RANGE *♦** *<) 

END" ■ ■ ■■ 
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PftGE 



10 


5 ,GfHKH<2<*>.SEO(a<.l ,TUOirHOTfTHS • 

JOMMtN /HISC/ F/»3HPFfC0®ft t33PC* DBFUtU »0PrtFJEL«3T0NA » OTONC tO^EO* 

t 0r.f»'<M,0TQ2CV»0QHSTD»SEDMAXC« SEQMAXOiST.KHHAXfSTPSINfEFFCHGi 

"T £ FFS3Y ,t‘^F0IS,ST<HLST,'5£NU0AD ,0UM1 

OIIEKSION STKM<i!t> 

~£aJlVALLNC£ tST3'{2')VSTKMr 


15 


■ CAU-'JLATH STORAGE 3HA?JE/0IS: 
IN^SJORAGE 

OiJ« H=TONC<It/C3PC*3.515 


;harge rate and amount of energy 


20 


110 


w 

I - 
H* 
VO 


25 


‘5c0'U>=G£NRHtI)-l0i;0 fH <-G'DlI) I 
IF JiEOlII .51. SEOHAXC) SEO ( I> =SSOMAXC . 

IP tStDdI .IT. I-SEONAXOI) SE3tI>=-SE0HAXJ 

IF tl.GT.l) GO TO 120 _ 

IF (IPAY.GT.i) SO TO lU 

JT2RrRH=STFCIN^STKH‘1^^ 

r,T TO 130 

STORCKH=3TKNLST . 

SO TO 150 


120 ST0e£KW=STKM{I-l) 

130 IF tSFOIin IVfO.lBQ.iSO 
niSCHARGE 


30 


C • 4 


3 T<H‘in FFS-3Y»SfORE KHYSE3 (I ) / EFFOIS 
IF (ST<NtI> .GE. 0.3) GO_TO 163 _ , _ 
3TKWtI)=J.t 

SEOt I) = -EFFS'3Y*£FF0IS»ST0REKJ< 

SO TO IbO 
CHARS: 


33 


AO 


15u 


'i6u 


"ST<K i I )V£FFS3Y‘Y’STORLRin-'5FFtflGY'SEQ(I> 

IF (STKHtn .LE. SIKUHAK) _CO ^ 168 

3F<M ('n-STKMNAX 

S"3 t n = (GTKW'1AX-EFFS3Y*ST3REKH>/£FFCH6 

GENLOAFrStOa) ♦SIOU) +OEO( 1) 

IF (AeS<GENKH (l) -GE NL OAO) .L T. 2. 8) SO TO 210 
"iTER^t 


45 


C 

’c ■ 
c 
c 


FIND 

APS 


ITtRATI/i SOLUTION 
A/C gALANCE 


TO COMP A/C', CENiRATOi' LOAOi' AND 


170 


GENKH<I) = G^LOAO 
(■ltER.Lt.25)“‘ 


iTO TT"13r 


50 


IBD 


IF 

IOAY=-l 

RETURN 

CALL HEAKI) 

TONAA = QAAgStI)»C3PA?’i20l!l', r 

IF (TOHAA ,LT._T3ND{I)J SO TO 190 

■a'A3S(i)=ioNf)ri)/:opAn20j5To 



SUBi^OUTINE ELECSTO 


FTN ».5*R406 
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TONAlDsTONOd) 

_ Oc3«n=i).o 

GO TO 2C0 

190 O aoStn^QAAG StH 

fb"'< A'tllVT'ONAA 

TONG m-TON01I)-TONA at 

JtH=T0NCa»/C3PC»3.515 

200 GE>lLOAD=CcOUI+S£Da)»0£OaJ 

IF (ios«GcNKHtU-G£Nl.OAO> .LT. 24fll 

GO'TO'irJ 

210 0<)3TO<II=OAAiJSCI)-OA'!S( Itl^QOUAm 
PMFUEL UI=H<im*GEHK.m)7F|/ 

_ 9FJE La> = neoiL(r>/tFV»BEFF) _ 

03=’UEL = DnFU;i.*‘5FJi£L(I) 
DP'IFOFL=D'PKFUFli-P1FUEU I) 
0’^DNA=0T0NA*-T0MAtir 

OTONC=DTONC+TON3a) 

■OG-0=DCtOfCtD(H ■ 

03INKW=DG£MKH+GFv|KH(1) 

9T0SCV=DTQFCtf+TCi?Ctf{n 

;10H5TD=DQHSTO*C!H3TO (IJ 

^~TOPP“' 

FKO 


GO TO 210 
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1 BLOCK OATA GENDATA 

' C 







C- BLOCK OATA ROJTINt GEUDATA 

C CCNTAIN THE >ROP£llTI£S OF 

initia"lizes the arrays' which 

THE VARIOUS GENERATORS 







w 

3 T 


30'IMOH /SPcCS/ Pi RXf 13) .HHTJY (IJ I .EXYtlJl.^ftOTtlS) t'?HPX(13li 
"X BHFY(13J ,EGY<13».LHVYU3I .BH»TtU> ,RftDr.(13> tiXHTt 13 ) . KHLOA'^Dtt 3l' 
{ ,FtlCONtl31,BNBFC(l3»,3N3EX(131 , BM3HH tl3> •DFCO'I Y 1 13 ) ,QRC Y Cl3 ) « 

V LOY(13><nTFCO')<13),STi<HT(l31 .HAUK tl3l,WAUKQR«13) ,HAUKtOC13», 

13 t NBFC0K(13I ,N3iXT(13> «N3HJ(13I t N3L0 ( 1 3 )« N3CFC ( 13 ) « NQCEX ( 13) , 

~ ~ j nccwT( 13 t; m^c. 0 ( n , f ms'fs'c' is j , j ( 13 > % fm e x < 1 3 > , f m l o < 1 3 > r ' 

t CATSS-Ctl3l ,CATHGtl3) ,CA TLO (13 ) ,C315FC (13) , C315L 0( 1 3) , C3 15 iH(13) 
F”'*F9f>8iX(l3> f F93 8L0(1S) . - 96SM J(13)«F968FC(13) f3<W (12) 

REAL KHLOAO,LHvY,LOY,NBCi<.4aCF3,N9CLO,N3CHJ ,N0i XT .MiFCON, N9L0, 

15 ■ 1' ~ NPHJ 

C 

BATA FiRX~XD.3tS'.l,').2;0.3tCr4,ti.'57D.6, C.7'.(.8fa.9il. Otl.l'VltZ/ 

OATA HATJY/S.57,3.Ar,3,i*ll.B.375.3.355,0.3A9.0.3A!n3t3A,Oi333j 

F u.33.3»0,327 

20 DATA tXY/3, 275f0. 255, 0.2A'4,1), 238, 0.233i0. 230, 3. 225, 6*0.220/ 

DATA FA3Y/0.05,J. 1,63, 3. 35,0.09,3.098,0,095,3*0.08,3.13,3*0.19/ ‘ 
DATA RHPX /26-3 . i jJ ) U . 0 , 3 5 O^C 11.9^0 . 0 ,955.0. 5£fl. 0 ^55 0 .0.600 .J , 65 O .C, 

= F /'To.c./so.lTaoo. o'.o'.C"/ 

9ATA PH3Y/;. 3, 0.10,0.175,0. 225, 0.262, 0.29.0. 315, 0.33, 0.335,5. 321, 

25 ■ “ F ' 3*0.29/ 

3ATA EGY/ 0.0,0. 3, 0.77, 0.80 5, 0.83 5, 0.859, 0.876, 0.89 1,0. 90 9,5.919, 

■ > 0.92,0.92,0,91/ 

OATA LHVV/1159C.u.lli!00.0.1l)35a.j .963 0.3 ,9950.0. 8975.0,3 900.0, 
t 32f j';o,BO7S;"o;b0OOVo",7"9'75.6,79'75.a,7975'.a/‘ ■ ~ " ' 


30 DATA FHPT/5. 0,0. 03, 0.07,0. (.95, 0.115, 0.13, 0.195,0. 157, 0.179, 0.186_, 

'■'I 0.io6,0.18S,3.186/ 

OATA PADT/5.4 9.j.92d,3.-335,0.37i0.399.C.33.0.315;3 ,3,0.2 9,0.28, 

" ■■ ■ £ :. 27, 0.27, 0.27/ - -- 

DATA cXHT/l. 97,0. 98, 0.99, 10*0.50/ 

35 data- kmlo ad /3 O'; J riE 5 n'il'FC VO"; 200Vir7Z'5ir.Tl-;T^Oir70T3'5Q70T5*«ri flTDT^ 

DATA FJCON/j.U, 5.8E6,9.2E5,9.7£6,5.2E&,5.7E6,6.2E6,6.7$E6,7,1E6, 

. j 7.3i5,7.3E6,7.3£6,7. 3E5/ , ' ' 

DATA SAtSFC/6*9973.j, 9320.3 ,9720. 0,9730.0.9890.0, 3*93 50.0/ 

DATA ohn£X/6*l. 23, 1.525,1. 83,2.155.2.96,5*2.89/ 7”' 

93 DATA SN3HH/S*0. 392, 0.D95.J .785 ,0. 87,0 . 95,3*1.63/ 

DATA'OFCONY/b*lj230. 0,1001 0. 3, 3*9933'.D, 3*9950.0/ 

DATA QFCY/t. 0,0. 38, 0.75,1. 10,1 .99,1.7 0,1,95,2.22,2.9 7,2.73,3*3.00/ 

DATA 13Y/0. 0,0. 17, u. 3.., 3. 5«,, 3. 63, 0.77, (..91,1,09, 1, 13, 1.32, 3*1. 96/" 

DATA f!TFCON/0.0,9*‘.0»uO. 0,30 5 0 5. 0,27785. 0,25680,0, 29100. 0,23000.0, 

^ 3*22350.0/ ■' 

OATA "TEXHT/O. 0,8. 2, a. 3,8. 5,8. 8, 9. *5. 9. 27, 9. 55.9.95,10.55,3*11.5/ 

DA tA' HAD k/5*11. 23, 13. 97, 13. 7 1,10 .96,10 .3 3,13 .235,3*10.2/ 

DATA HAJKOF/5*... 53, 0 .79, 3. 9s, 1.11, 1.27, 1.99, 3*1. 63/ 

DATA «AJKLO/5*C. 37,0.09,0. 11, 0.13, -.15,0.17,3*0. 18/ 

59 data rnFGON/5*ia3flO. 0, 9953 . j, 9210. 0,9070 . 0 ,8995. 3, 8980,0, 3*8970.0/ 

DATA )''iXr/J.0,3.96,0.r6,l.C5,1.35,t.67,l.-97,2,23,2.6,2,93,3*3.27/ 

DATA (.3WJ/3. 0,3. 28, 0.55,0. 63 , 1 Jl, 1 .2 , 1 , 39, 1. 9 8 ,1 .5*,, 1 .83 , 3*2 . 02/ 

DATA ()&LO/5;0,o;i&, J.32 ,0'. 93 , 0 '.69, 0. 77 , 0 ;98, 1 .13 , 1 . 93 ,'l.'7'9~,3*2. 0 9/ 
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NBCPC/3»iaflJ0.0 
f'e:ex/5*j.42.4. 
K3CWJ/5*2.75i3. 
H3:L0/9 «l.Sl ,t, 
FMSFC>f»lC921.'a 
FKHJ/'d.:,0.a44, 
U >3fij «s< HjOt 

F^‘i•//l.O,d.J4l., 
S*71ofC*9I3« 
>*10/5. J,:. 776, 
■o'. 665,0. ‘72 UV 
CATSFC/6*123j6. 
CATH6/3. j,3.275 
2.7,2.875 
CATLC/ 0 . 3 , 7 . 05 , 
r'51SFC/3*12495. 
■C'315L0'73*U.,3; J 
Cjl5£K/3.,J.2S, 
F96at.X/3»t.67,3 
F96aLO/3»0.b2,3 
r 958 Mj/ 3 » 0 . 35,0 
_F96aFC73»13593. 
G<,l/i54d.0,*25. 
315.0,958.0 


r,9(,5d, C,92'bT.O‘,‘90 

2.5.0. 5. 6, 6. 6,7.4 
C2.3.4C',3.70,4.15 
94,2.4^.95,3.60 
,i0'55ir.f;,'i0375.'0', 
0. 339, V. 133,0.177 
0.46u,E.52C/ 
3.US9, (..133,0.177 
0.950,1. 100/ 

a_. 155,1. 234, U_.311 
G,81i.,C.9oC/ 

0, 1223d. J. 11373.0 
,0.95,1.05,1.125, 
,3.v55/ 

U.1,M. 15,0.2,0,22 
0,123Jl.j, 11950i3 
i47 5,"D‘i57 . o', 66,0. 
0.5.3.6,0.99.1.12 
.73 ,0. 85, 0.97,1.1 
.67 ,0.70.0 .09,1.0 
. 30. u. 44 ,0.9, 3.57 
,1290. .,11350. ,10 

8.2210.0. 1750.3.4 
,403,3 ,121i..O/ 


10 50.0,6980.3 ,6960 .0, 3*8950,0/ 

.4, 3*8.2/ _ 

.9.4,60 ,3*5.38/ 

i0,4.40,3*5,l_4/_ ■ 

i , 3 *10239 . 07l 03 75 . 0,1 0 5‘fl'9 ."0/ 
’7,0.22 0,0.25 3,0.2 85, 0.323 , 

’7,0.221,0.35 5, 0,50 9,0.625, 

■ Pr(:=.6, P.1 APAiiiiO ?.> 

0,11544. 0,1142 3.0 ,3*11400.0/ 

(, 1.425,1 *62 5, 1.925, 2.2, 2. 5, 

125,3.2755,6*3.3/ ’ 

3.11454. 0,7*11107.0/ ■ 

i.7 3,0i 85 ,0 i9 4, 3,'98',3*iVl3/ 

.2 5,1.225,1.4,1.675,1.9.3*2.0 7/ 
1,1,25,1.4,1.57, 3*1.75/ 

09,1.14, 1.23,1.45,3*1.6/ 

■7 , 0, 64,0.72,8.815,3*0.91/ 

.0 738,, to 300. ,10100., 5*100 60./ 

4 415.(!, 4 78.0 ,4 75.0,50 9,0, 
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